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1	Introduction
During RAN2#106 meeting it was agreed to perform the following e-mail discussion:
[106#54][IIOT] Need for and details of UE-based mechanisms for PDCP duplication (CMCC)
	Intended outcome: Report, scope according to R2-1908444
	Deadline:  Thursday 2019-08-08

The PDCP duplication related topics were discussed online during RAN2#106 meeting. Based on the discussions during the meeting, RAN2 made the following agreements with respect to PDCP duplication:
	Intention is that Copies are sent on different legs
Dynamic Network control of DRB duplication is by MAC CE
By the MAC CE, Network to control which of the configured RLC entities that is/are active
Support the case that no of copies = no of active RLC entities 



It should be noted that this email discussion regarding UE-based mechanism for PDCP duplication should take into account the above agreements, according to [1]. 
During RAN2 #106 meeting, many companies submit the contributions [2-20] related to the UE-based mechanism for PDCP duplication. This document provides questions with respect to the aspects listed above and companies are requested to provide their views on those.
2	Discussion
2.1	UE-based leg selection
Leg selection for UL PDCP duplication is needed when there emerges a need of  adding more RLC entities and logical channels to the radio bearer to handle the duplicated PDCP PDUs. In RAN2 #105 meeting, it has been agreed that Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication (potentially only a subset of these RLC entities/legs are activated for UL data duplication). Conventionally, leg selection is totally controlled by the NW, where RRC reconfiguration message is received from the NW by the UE to configure the additional RLC entities and logical channels for UL PDCP duplication. For the Rle-16, there rises suggestion that UE-based leg selection should be promoted as well.	Comment by CMCC: updated
Generally, UE-based leg selection mechanism works as following steps:
1. Based on the measurements result or configuration, gNB tells UE legs information that could be used to send copies of UL packets
2. UE performs leg selection among the indicated legs.
Question 1: Companies are requested to indicate their opinions about supporting UE-based leg selection mechanism
	Company
	Support or not support?
	Comments

	LG
	Not support
	The UE-based leg selection mechanism would delay the transmission of the duplicated packet. This is because the duplication legs are mapped to different cells (in order to enjoy the diversity gain), and if the duplication is not activated, the cell mapped to the duplication leg is likely to be not used. Therefore, the UE should perform the SR and BSR procedure before transmitting the duplicated packet on the duplicate leg. 
In addition, considering that the radio condition can be dynamically changed, the UE-based leg selection mechanism would frequently activate/deactivate the duplicate leg. In order to prevent frequent activation/deactivation of the duplicate leg, a new mechanism may be needed, which would increase UE complexity. 
With the above reason, we do not support the UE based solution. 

	CATT
	Not support
	As a first comment we don’t agree with rapporteur’s introduction text: “Leg selection for UL PDCP duplication means adding more RLC entities and logical channels to the radio bearer to handle the duplicated PDCP PDUs.” Indeed, since we believe that never more than 2 legs should be active at a time for duplication, the selection should be restricted to selecting 2 legs out of (at most) 4 configured legs, thus selection should not contribute to adding more legs. 
Now, even with at most 2 activated legs, we don’t think it should be left to the UE to autonomously select the best 2 legs as the performance benefit is unclear considering the extra complexity it will require. 

	Ericsson
	Not support
	In general, we do not think that UE-based leg selection mechanism is better or faster than the current methods i.e. MAC CEs. Duplication, when needed, should be enabled before the current configuration cannot meet the requirements for the service. The NW has lot more information than the UE has e.g. measurements, network conditions, available resources, etc. so the NW can predict with better accuracy when duplication should be used.
Note that the question assumes that the number of copies is not equal the number of active RLCs, but this has not been agreed. 

	DOCOMO
	Not supported
	The gain of the UE-based leg selection is not justified, rather it complicates the NW operation. Detailed views refer to replies for Question 2.

	Fujitsu
	Can support
	The use case may be UL-based switch mode of split bearer as discussed in Rel-15 (*1). Assuming that MCG and SCG are using UL beams, radio quality of those UL beams are changeable due to e.g. blockages. Therefore, if the PDCP duplication is applied to the UL-based switch mode of split bearer, the UE-based leg selection allows the UE to switch the current UL beam that has bad radio quality to another UL beam that has good radio quality. This can reduce the latency e.g. caused by PDCP PDU retransmissions compared to the UE-based switch mode of split bearer without duplication.
(*1 R2-1713378) Definition of switch mode of split bearer
Definitions: Switched mode of operation on a split bearer refers to using only a single cell group for data transfer. Switching refers to changing, between MCG and SCG, the single cell group used.

	Qualcomm 
	Support
	This is how we think UE based leg selection should work:
· Network configures and activates N legs, and configures UE to send only M<N copies. 
· Network also configures resources (configured uplink grants) on serving cells associated with all the legs.  
· UE selects M out of N legs for sending copies. The leg selection metric could be left to implementation. 
Some aspects of the solution:
· No additional signalling needed when UE switches legs.
· Network can always control legs used by UE by either not scheduling resources on certain leg or always using configurations with M=N.
Faster leg selection: The key advantage of UE based leg selection are that it is faster by about 15 ms faster than MAC CE based leg selection by network, as explained in our paper R2-1907917. Such a difference in performance are certainly important for URLLC application. 
Faster leg selection is critical for uplink-power-limited scenarios (e.g., outdoor macro deployments): In the absence of UE based leg selection, the only alternative that can deal with fast channel changes would be to configure the UE to transmit on all legs. If UE is configured to transmit on all legs, UE transmit power will have to be split between all the legs (if transmissions overlap). It may be better to transmit copies on fewer good carriers with more power, than transmitting copies on more carriers (in worse condition) with smaller power.

	Nokia
	Not Support, unless…
	We foresee some problems with uplink leg selection by UE:
· Based on our understanding, the network has better knowledge about the uplink status/quality.
· The UE is not able to measure UL interference status across different legs, as it is only visible to the gNB.
· For Uplink signal strength, can UE really identify any channel change earlier than the gNB? This is possible with TDD based on channel reciprocity, but what about FDD?
· The UE is not aware of traffic loading and resource management across different legs, as it is only visible to the gNB.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]There could be some inconsistency/ambiguity between gNB decision and UE selection if both features are adopted.
· There are no clear gains shown compared to gNB-controlled schemes.
Based on the above, we think such scheme can only be supported under the condition that the network maintains certain degree of control for UE-based schemes. In fact, we think this is applicable to all UE-controlled schemes on the table.
In particular, we propose that the legs configured for a DRB should be divided into two subsets, and UE can only decide the activation/deactivation of legs within one subset, while the other subset is solely controlled by the gNB. These subsets can be modified by gNB dynamically, including disabling UE-based activation. Furthermore, UE leg selection should happen based on the conditions pre-configured by the network. Hence, the network can maintain its control over the UE to ensure certain level of performance, while the UE can also react quickly to adjust the configuration upon its local knowledge about channel/traffics etc.

	vivo
	Can support
	As the UE knows the cell quality and the uplink packet transmission status (e.g. delay and loss), the UE can have an even better selection of the uplink legs. Furthermore, this also allows faster switching of the legs and saves the MAC CE control signalling for the leg change.

	Apple
	Support
	Comparing to NW controlled method, UE based leg selection can reduce the latency and reduce the signalling overhead for leg switching.  
In our understanding, UE based leg selection is controlled by NW. NW can enable it when the network load is not heavy and when NW relies on UE’s measurement report to switch leg.  
For BSR delay in case of UE based leg selection which is mentioned by LG, it is same for both UE based and NW controlled method. In NW controlled method, when NW activates duplication via MAC CE, NW only starts the uplink scheduling according to the UE’s newly BSR reporting after leg switching. Then, in the UE based solution, the latency reduced is the latency of UE report and NW command steps. 
In addition, for URLLC service, when UE has transmission resources on multiple serving cells, UE can directly transmit data to NW without any BSR delay. 

	CMCC
	Not support
	We should note that UE-based leg selection is different from UE-based activation/deactivation. For implementing leg selection better (not switching leg too often), it should be implemented based on the measurement results averaged in a relatively long duration. As a result, the mechanism of leg selection controlled by the NW is good enough.

	Lenovo
	Not support
	The additional performance benefit provided by UE-based leg selection is not obvious. As mentioned by other companies NW controls the resource allocation and has better knowledge on the load/interference situation in the cells. Hence we believe that there should be (at least some) control of the NW for the selection of the RLC entities/legs for duplicate transmissions. 

	SPRD
	Not support
	For the UE-based mechanism, as the UE activates duplication legs by itself, NW couldn’t know that new copies are generated and available for transmission. The BSR procedure will be triggered and extra delay is introduced. The extra delay may be avoided in the configured grant case, however, configured resources are not always configured. For the NW controlled method, the gNB can allocate grant for the new packets without BSR.
For the NW controlled method, there will no frequent MAC CEs for leg selection because the gNB will select multiple legs as possible for the transmission reliability, and some resource saving solutions have been discussed already.
If the UE-based leg selection is introduced, some new solutions are needed to avoid the inconsistency between gNB decision and UE selection.
Comparing to the NW controlled method, the benefits of the UE-based mechanism are not clear while more complexity will be required.

	Samsung
	Not support
	The advantage of UE-based leg selection is not clear. We do not think that UE-based leg selection is faster than NW-controlled leg selection. UE-based leg selection also requires SR/BSR which still has additional delay. Otherwise NW should always reserve the resources which could be waste. 

	OPPO
	Support
	As we understood, the case where the number of activated RLC entities indicated by MAC CE is larger than the number of copies should be considered for UE-based leg selection. The case may happen under the condition that there is no coordination between gNBs. For this case, UE need to do leg selection to align the number of the two.
If the case where UE performs faster leg selection/modification based the mechanism described in section 2.2 is supported, UE-based leg selection needs to be involved as part of activation/deactivation method. For example, if duplication turns to be activated by UE itself, UE need to select legs from the configured ones for duplication transmission.

	III
	Can support
	To improve reliability & latency performance of UL PDCP duplication, it should be considered on UE-based leg selection. The gNB can indicate UL legs information according to the measurement report/channel condition. After that, the UE selects legs for UL duplication. It can facilitate leg switching without NW signalling overhead.

	Intel
	Support
	A benefit of UE-based leg selection is to reduce the latency when reacting to the change in radio conditions, therefore the mechanism can satisfy the URLLC requirements better as well as releasing radio resource for duplication in a timely manner. Another benefit is the reduced MAC CE overhead.
We’d like to emphasize that there is no critical difference between UE-based leg selection (section 2.1 in this email discussion) and UE-based activation/deactivation (section 2.2 in this email discussion) as the main task for UE-based approach is to select a subset of RLC entities for PDCP duplication according to criteria configured by the network. Therefore we prefer to define a unified solution for UE to select a subset of RLC entities for PDCP duplication, and not to differentiate between UE-based leg section (discussed in current section 2.1) and UE-based activation/deactivation (discussed in next section 2.2).

	Sharp
	Not support
	If UE based leg selection is used, NW should schedule sufficient UL grant on each allowed cells set for that NW does not know which legs are used by UE for duplication timely.

	MediaTek Inc.
	Not supported
	UE based leg selection will require the NW to overprovision the UE, as resources need to be provided on all legs a-priori, while the UE only uses a subset of them. Given the high reliability requirement of URLLC traffic, such overprovisioning will come at a significant cost – resulting in fewer UEs being supported in a deployment.

	
	
	



Summary of replies for Question 1
Support:7
Not Support: 11
Majority of companies does not support introduction of UE-based leg selection mechanism, since the network has better knowledge about the uplink status/quality, and such introduction might complicate NW implementation, but performance benefit is unclear. 
On the other hand, some companies propose to accept the UE-based leg selection mechanism and suggest that UE-based leg selection could be used to further restrict the range of legs for data duplication, on the basis of results given by network control (UE selects M from N legs for packet duplication operation, where ‘N’ legs is configured by the network and notified to the UE in the first place)
Proposal 1: the mechanism of UE-based leg selection mechanism is not supported by RAN2.

2.2 UE-based activation/deactivation
In Rel-15, leg activation/deactivation is done by gNB sending related MAC CEs to the UE. If UL data duplication is activated, UE will send PDCP PDU to both of the primary leg and the only one secondary leg. However, since it has been agreed that Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication for Rel-16, to avoid overwhelming air-interface resource consumption, potentially only a subset of selected legs are activated/deactivated at the same time.
Majority of companies supporting UE-based activation/deactivation agree that network could provide criteria for activation/deactivation of transmission legs for UL data duplication. As a result, the general mechanism is shown as follows:
1. Network provides UE with activation/deactivation criteria as listed below corresponding the Question 3 . 	Comment by CMCC: updated
2. UE performs related evaluation works. If provided criteria is met, activation/deactivation of corresponding UL transmission legs could be done by the UE itself.
3. If CG resource is not pre-configured, the UE will inform the gNB of duplication transmission activation, e.g., via Scheduling request and BSR MAC CE.

Question 2: Companies are requested to indicate their opinions about introduction of UE-based activation/deactivation (support or not support).
	Company
	Support or not support
	Comments

	LG
	Not support
	We think the selected leg should be activated. Thus, there is no difference between UE based leg selection and UE based activation. Thus, our answer to Q1 still applies here.

	CATT
	Support UE based activation/deactivation but not support the mechanism described above
	We don’t think the description of 1st bullet is correct “Network provides UE with activation/deactivation criteria of each UL transmission leg.” Note such approach results in allowing de-facto the UE to autonomously perform leg selection which is the object of question 1. It should be revised as “Network provides UE with activation/deactivation criteria”. Similar comments on the 2nd bullet.
We assume the UE based duplication activation/deactivation as:
1. Network provides UE with activation/deactivation criteria.
2. UE performs related criteria assessment and activate/deactivate duplication accordingly.
We should avoid extra signaling for duplication activation/deactivation report. This depends on the criteria of UE based activation/deactivation. gNB can get the duplication status according to the configured criteria, such as HARQ based/ RLC feedback based solution.

	Ericsson
	Not support
	Same answer as above applies. 
Further, using autonomous activation/deactivation of a leg may lead to a state mismatch i.e. a MAC CE may have indicated a certain activation status and the UE may activate/deactivate the leg(s) short after. 

	DOCOMO
	Not supported
	Firstly, we share the views with LG that the leg(s) selected by the UE is/are active. Regarding to the benefits of UE-based activation/deactivation such as less delay and/or less signalling overhead seems not clear. It is rare case that all active legs are under the bad channel condition, as long as one leg still works well, relying one HARQ based Re-transmission or L1 repetitions would be faster compared to dynamic switching the leg; In addition, from NW perspective, NW may not know which leg(s) UE will dynamically select, hence NW always need to prepare that any configured legs may have the possibility to be used by the UE. So actually, more resources are reserved, and it is difficult for NW to make the scheduling decision considering all UEs within the system.  Even if criterion is defined, e.g. channel conditions, the measurement is done at the UE side, it is also difficult to be tested whether UE follows the criterion. 　

	Fujitsu
	Not support
	We are worry about how to control the status of activation/deactivation of RLC entities. For example:
(1) Which node will handle the control to mitigate a case, where the gNB activates some of RLC entities but the UE deactivates those RLC entities and vice versa.
(2) How to inform the activation/deactivation of RLC entities to the gNB. If not informed, status mismatch occurs.

	Qualcomm
	Not support
	The advantages of autonomous activation/deactivation over UE-based leg selection (addressed in Question 1) are unclear. 
Also, it is unclear why legs should be activated and deactivated autonomously (using additional signalling incurring delays and overhead), when legs can be left activated and used selectively either
· Based on UE leg selection or
· Network leg selection using allocation or non-allocation of grants. 
UE autonomous behaviour has to be carefully evaluated to see if it can lead to state mismatch issues mentioned in Ericsson’s comment.

	Nokia
	Not Support, unless…
	From our point of view, although “UE-based activation/deactivation of PDCP duplication” may be beneficial in terms of reaction time, certain degree of network-control should be maintained as the gNB possesses more knowledge regarding the overall status of the network. For examples, the network may override the UE’s decision when it is needed. 
Therefore, what we proposed in Q1 is also applicable to this question as the mechanism are in fact almost the same. Thus, we propose that the legs configured for a DRB should be divided into two subsets, and UE can only decide the activation/deactivation of legs within one subset, while the other subset is controlled by the gNB. These subsets can be modified by gNB dynamically, including disabling UE-based activation.

	vivo
	Can support
	If the channel condition is getting worse, allowing the UE to activate more legs would improve the packet transmission reliability.

	Apple
	Support
	Our answer to Q1 is also applicable to this question. 
UE based duplication activation/deactivation can reduce the latency and reduce the signalling overhead. It is under the NW control, and MAC CE can override UE based decision.    

	CMCC
	Support
	Agree with Apple that UE based duplication activation/deactivation can reduce the latency and reduce the signalling overhead.

	Lenovo
	Support
	UE based activation/deactivation of PDCP duplication brings in our understanding benefits in terms of latency, i.e. compared to an approach where PDCP duplication is activated/deactivated by means of MAC CE signalling. However in order to avoid mismatch between UE and gNB in terms of the duplication status, the criteria for enabling/disabling duplication should be under network control, i.e. UE enables duplication upon reception of a DCI requesting a retransmission. In addition we agree with Nokia that NW should have still the possibility to override UE’s decision when required. 

	SPRD
	Not support
	Same answer as Question 1.

	Samsung
	Not support
	In the last meeting, RAN2 agreed NW-controlled activation/deactivation of each RLC entities. Thus, the only advantage of UE-based activation could be a bit faster reaction. But, as mentioned in Q1, this advantage can be marginal due to SR/BSR transmission. Since NW has more knowledge of overall communication systems, NW’s decision can be better.

	OPPO
	Can support
	[bookmark: OLE_LINK3]If the channel condition turns, allow UE to change legs status considering transmission reliability, resource efficiency and latency. The advantage of this mechanism is that the latency of waiting for MAC CE from the network can be avoided at least. It is meaningful to URLLC traffic due to the stringent reliability/latency requirement.
In addition, as we described in Q1, another scenario in the following can be considered: If the number of activated RLC entities indicated by MAC CE is larger than the number of copies, allow UE to do leg selection to align the number of the two. We think it also can be considered as one kind of UE-based leg deactivation method.

	III
	Support
	The benefits of UE-based activation/deactivation:
· Less latency to react to the change of channel condition
· Less signalling overhead for leg activation/deactivation
NW should provide the UE with activation/deactivation criteria. However, we need to make sure that the gNB exactly knows which event will trigger by UE. The inconsistency between gNB knows and UE decision should be avoided in this mechanism.

	Intel
	Support
	The benefits are similar comments to Question 1. In addition, as in the answer to Question 1, we prefer to define a unified solution for UE to select a subset of RLC entities for PDCP duplication, and not to differentiate UE-based leg section (discussed in previous section 2.1) and UE-based activation/deactivation (discussed in current section 2.2).

	Sharp
	Not support
	Duplication is typically configured for RBs that requires high reliability and low latency. UE-based activation/deactivation may have impact on it for that UE may not always reliable when determined UL channel condition.

	MediaTek Inc.
	Not supported
	As Ericsson indicate, changes to the activation/deactivation status of duplication that is determined by the UE, can lead to issues with a mismatch between the NW and the UE.

	
	
	



Summary of Question 2:
Support: 8
Not support: 10
The companies supporting the UE-based activation/de-activation think that the benefit of such mechanism are two folds: less latency to react to the change of channel condition and less signalling overhead for leg activation/deactivation. The companies which does not support the mechanism claim that this will bring the problem of state mismatch between the UE and the NW. However, some companies supporting the mechanism believe that the problem could be avoided by letting the NEW control the criteria for enabling/disabling duplication. 
Proposal 2: since the number of companies support vs not supporting UE-based activation/de-activation PDCP duplication is comparable, online discussion is proposed to be made to decide whether or not to introduce such mechanism. 

In addition, various of criteria has been proposed by companies for UL PDCP duplication activation/deactivation, shown as follows:
· Option 1: Channel condition (e.g., L1- or L3 filtered RSRP/RSRQ threshold, path loss, etc.) of primary leg
· Option 2: MAC HARQ or RLC ARQ feedback of primary leg
· Option 3: Packet drop rate of primary leg
· Option 4: Packet transmission delay of primary leg
Question 3: Companies are requested to indicate their preferred criteria (could be more than one) of activation/deactivation of transmission legs for PDCP UL duplication and justify their choice shortly.
	Company
	Preferred option
	Comments

	LG
	Option 4
	We think UE-based activation/deactivation is not needed as explained in answer to Q1. However, if this mechanism is introduced, the Option 4 is most viable option.
The option 1 is not suitable because a leg may be mapped to multiple cells.
MAC HARQ in the option 2 is also not suitable because one MAC PDU may contain RLC PDUs of other logical channels.
RLC ARQ in the option 2 is also not suitable because the main target for duplication is RLC UM.
The option 3 is also not suitable because the duplication should be activated before packet is dropped/discarded.
Thus, the option 4 is most suitable option. However, it should be applied only to important packets, as explained in answer to Q7.

	CATT
	Option 2
	Option 2 is simple, fast and robust. And gNB can get the duplication status without any extra information exchange, as further elaborated in Q4. We don’t get the issue raised above by LG since such criterion would be configured for selected DRBs and, even if a MAC PDU is carrying other DRBs, a retransmission request of this MAC PDU would trigger duplication of the re-transmitted PDU(s) and/or of the following packet transmissions of this DRB.
Options 1 and 3 will be more complex to design regarding the exact determination of the criteria (potentially involving RAN1) and it is not clear how gNB is made aware of the duplication activation.
With option 4, as we understand it, the packet delay is assessed from the transmit side based on the packets waiting time in the UE buffer. Since the packets are considered “transmitted” based on the NW ACKs (MAC or RLC) such approach necessarily involves monitoring HARQ (and/or ARQ) ACKs. Then we see potential overlap with option 2.

	Ericsson
	None
	We do not consider option 2 and option 3 to be feasible for this case. These mechanisms are based on “fail-first” before activating a leg, and that could result in that requirements might not be met. When there is room for HARQ or ARQ retransmissions “selective duplication” is a better mechanism. 
Option 4 and option 1 can also be measured at the NW and is very likely that the NW has implemented different strategies to activate and deactivate duplication. We do not see any reason why the UE should also perform these measurements and increase its complexity when it is already done by the NW.
Last, we have not agreed that a primary leg is always active and that it has to transmit PDCP Data PDUs. Thus, primary-leg measurements are dependent on that. 

	Nokia
	Option 1, 2 or 4
	We think Option 1, 2, and 4 make more sense if we want to consider this scheme. However, for Option 3, the packet drop rate may require more time to evaluate, and hence the benefits of autonomous activation/deactivation of PDCP duplication (i.e. latency reduction) might no longer exist.
It is true that such evaluation criteria may lead to singular packet losses, but by activating the duplication, packet losses/delays for future packets are avoided. The activation should not happen for a single packet, but for a longer term (e.g. until de-configured by the network).

	vivo
	Option 1/3/4
	We consider that the activation/deactivation of PDCP duplication would depend on various conditions (e.g. channel condition/packet drop rate/packet delay), as the PDCP duplication is used to improve the packet transmission performance (i.e. delay and loss) of URLLC service.

	Apple
	Option 1/2/4
	Duplication activation/deactivation is based on the radio quality and L2 transmission quality and latency. Then, option 1, 2 and 4 are reasonable to be considered as the criteria. 

	CMCC
	Option 1/2/4
	Support Nokia that for Option 3, the packet drop rate may require more time to evaluate, and hence the benefits of autonomous activation/deactivation of PDCP duplication (i.e. latency reduction) might no longer exist.


	Lenovo
	Option 2
	We think that option 2 is a simple, resource efficient and robust solution, since gNB knows the PDCP duplication status of the UE, i.e. based on the signalled HARQ feedback respectively DCI. When duplication is enabled upon reception of a UL DCI requesting a retransmission of a TB, packet loss can be avoided for this TB and subsequent TBs (duplication is applied for the subsequent HARQ transmissions of this TB and for next TB(s)). 

	Samsung
	None
	We think UE-based solution is not needed. 
Especially, we do not see options 2, 3 and 4 give any benefit.
Option 2: There is no explicit HARQ feedback so we cannot use NDI toggling as the feedback. Since we understand that UE-based duplication is mainly for RLC UM, RLC feedback cannot be used. Moreover, RLC AM feedback is too slow and fast reaction is not possible.
Option 3, 4: Packet drop rate or packet transmission delay could be derived by observing a number of packets in the certain time window. It will take long time so the fast reaction is not possible. In this case, NW control seems sufficient.

	OPPO
	Option1/2,
but not support on primary leg
	We share the same option as some companies said above, there is no consensus that the primary leg will be configured and primary leg might be deactivated even if it is agreed to reserve. Thus, we need to decouple the measurement criteria and primary-leg.
Except the one mentioned above, we think such criteria can be considered for UE-based activation/deactivation: channel condition (e.g., L1- or L3 filtered RSRP/RSRQ threshold, path loss, etc.)/ MAC HARQ or RLC ARQ feedback.

	III
	Option 1/2/4
	From the higher layer perspective, PDCP duplication is the key to low latency and high reliability. The criterion for UL PDCP duplication activation/deactivation should be simple and fast to check by UE. We think option 3 may spend time to evaluate it. Note that RLC ARQ in the option 2 may not suitable since there is no ARQ support for URLLC service.

	Intel
	Option 1
	As in the analysis in our contribution R2-1906365 [4], negative HARQ or RLC feedback (Option 2), or packet drop rate (Option 3), or packet delay of the leg (Option 4) are not suitable triggers for UE based PDCP duplication activation/deactivation since these options either cannot select a subset of RLC entities, or have issues of additional latency and processing time.
Among the metrics of channel condition (option 1), we prefer pathloss. 

	MediaTek
	None
	A UE based activation and deactivation requires overprovisioning of resources from the NW, and is therefore an inefficient way of operation.
As indicated in our response to Q8, once duplication is activated (as in Rel-15), Option 2 can help determine which packets are to be duplicated (i.e. based on MAC/RLC feedback).

	
	
	



Summary of Question 3:
Option 1: 7
Option 2: 7
Option 3: 1
Option 4: 6
None:  3
All companies except one think the option 3 (packet drop rate of primary leg) is not a proper choice, since the packet drop rate evaluation is meaningful only when the evaluation period is long enough. Other options are supported by roughly same number of companies.
Proposal 3: If the UE-based PDCP duplication activation/de-activation mechanism is supported, further check of the option 1 (Channel condition of primary leg), option 2 (MAC HARQ or RLC ARQ feedback of primary leg), option 4 (Packet transmission delay of primary leg) is proposed to be made in RAN2, either down selection should be made, or the use of the combination of them (e.g., logical OR) as the criteria should be agreed.

If UE-based leg activation/deactivation is supported, the mechanism should be applied in UE side needs to be further discussed.  
One possibility (Option 1) is that UE informs NW the activation/deactivation with signalling message, e.g., UL MAC CE; another possible way (Option 2) could be UE sending data on the activated leg directly if CG resource is pre-configured, or (Option 3) sending SR and BSR otherwise. With some criterions gNB exactly knows which event will trigger duplication activation in the UE so it can explicitly and timely provide a dynamic UL grant for the other leg (Option 4). 
Question 4: Companies are requested to show their ideas about for UE-based activation/deactivation mechanism
	Company
	Preferred
option
	Comments

	LG
	Option 3
	SR/BSR procedure could be used to indicate NW about UE autonomous activation.

	CATT
	Options 4 and 2
	As described in Q2, it depends on the agreed criteria. Option 4 works fine with HARQ-NACK (in DCI) triggered duplication which is faster and more robust than an explicit MAC CE activation in a DL PDU. Option 2 works fine also as gNB will detect the leg activation from receiving in a CG occasion from the secondary leg. Option 3 is also possible, although slower, if we pursue other criteria.

	Ericsson
	Option 3
	We indicated that we do not support UE-based activation/deactivation. 
For the sake of discussion, we also share LG view. When a leg is activated, the UE will transmit, using legacy procedures, a SR first thing (given that no other data is being transmitted) using the configured SR configuration associated to the logical channel which triggered the SR. That will be enough. If there was ongoing data, since the new data is likely to have higher priority, it would trigger the BSR.

	DOCOMO
	
	As replied in Question 2, NW always needs to reserve the UL resources e.g. configured grant resource or blind schedules UL grants on all the configured legs in order to keep the low latency benefit of the UE based activation/deactivation. Otherwise, delay will be increased if some signalling exchange is required between gNB and UE to ensure the common understanding on which legs UE will activate. 

	Qualcomm
	
	Option 2 and 4 can work. But, they work even without UE autonomous activation/deactivation. It is unclear why legs have to be deactivated in the first place since the legs could have been left activated all the time and could have been selectively used based on allocation/non-allocation of grants. 
Option 1 using a new MAC CE has additional over-the-air overheads and delays.
Option 3 only works if there is either a separate SR configuration or LCG for RLC entity associated with autonomous activation.

	Nokia
	Option 2 and Option 3
	CG resource can be pre-configured and activated along with PDCP duplication to reduce latency. In case it is not available, SR or BSR would have to be used. Hence, both Option 2 and 3 are feasible and it is up to network to decide which to apply. 
Option 1 relies on control signalling which is what we tried to avoid by UE-based activation/deactivation, so it doesn’t bring much more benefits, and reliability of such control signalling is questionable because the primary leg might already be in bad channel quality (which triggers duplication to be activated).

	vivo
	Option 2 and 3
	We consider that the UE would anyway have BSR (including the buffer status of the activated leg(s)) reported. Then the network can know if a leg is active for data transmission. 

	Apple
	Option 2 and 3
	After UE autonomously activates one leg/RLC entity for data transmission and set the leg as activated state, UE can just follow current procedure. 
· If there is configured grant/transmission resource for the transmission, UE directly send data on the resource; 
· Otherwise, UE will try to send BSR to report the data of this newly activated RLC entities/LCH. 

	CMCC	
	Option 2 and 3
	

	Lenovo
	Option 2/4
	Similar view as CATT

	Samsung
	Option 2 and Option 3
	In Rel-15, when new data arrives, UE triggers SR/BSR (option 2) or sends the data directly and may cancel the SR/BSR (option 3). We think O2/O3 are natural UE behaviour and there is nothing to add/modify in the specification.

	OPPO
	Option2/3
	If CG resource is configured and activated, UE can use it for duplication transmission directly to reduce latency. Otherwise, SR or BSR would be used. Hence, we think Option 2/3 are feasible.

	III
	Option 2 and 3
	If the configured grant resource is reserved by NW, the UE should send the duplication on the activated leg immediately. Otherwise, sending SR and BSR.

	Intel
	Option 2
	We think UE can rely on existing mechanisms, and no new additional mechanisms are needed. Option 1 would add unnecessary signalling, which reduces one of the benefits of UE-based approach.

	Sharp
	Option 2
	We do not think UE-based activation/deactivation is needed as explained above. But if the mechanism is introduced, we think option 2 is the simplest way. 

	MediaTek Inc.
	None
	We prefer not to leave activation and deactivation of duplication to the UE, as it also requires overprovisioning by the NW to be useful, and can result in state mismatches between the NW and the UE.
As indicated in our responses to Questions 7 and 8, we see option 4 (NW providing a grant on a known event) as a means of determining which packets are to be duplicated, rather than a means of control of duplication activation, deactivation and leg selection.

	
	
	



Summary of Question 4:
Option 1: 0
Option 2: 10
Option 3: 9
Option 4: 2
None:  1
The number of companies supporting the Option 2 and the Option 3 are comparably dominant. There is no company supporting the Option 1, due to the concern that it will introduce extra signalling overhead and thereby latency. 

Proposal 4: If the UE-based PDCP duplication activation/de-activation mechanism is supported, further check of the approach (the Option 2: CG resource is pre-configured on the transmission leg; Option 3: sending SR and BSR afterwards to ask for the PUSCH resource)) of sending UL data on the activated leg is proposed to be made in RAN2. Either down selection between Option2&3 should be made, or the use of the combination of them (e.g., logical OR) as the criteria should be agreed.

 
In addition, it has been proposed in [9] to introduce a timer and temporary LCP modification mechanism to avoid deactivate PDCP duplication immediately after the criteria is met. In particular, when the pre-configured criteria relating the primary leg are met, the UE should not deactivate PDCP duplication straightaway, instead a timer should start and the LCP parameters of the secondary leg should be temporarily modified. Specifically, the priority and/or PBR of the LCH associating to the secondary leg could be temporarily decreased and thereby reducing its utilization of the available radio resources, as well as minimizing its impacts to other traffics. Upon the expiration of the timer, if the pre-configured criteria are still met, then duplication can be deactivated entirely. 

Question 5: Companies are requested to indicate their opinions about introduction of a temporary LCP modification mechanism and related timer (support or not).
	Company
	Support or not support
	Comments

	LG
	Not support
	This is unnecessary optimization on top of UE-based activation/deactivation.

	CATT
	Not support
	We agree with LG

	Ericsson
	Not support
	Agree with LG.

	DOCOMO
	Not supported
	We prefer the activation/deactivation of the leg is controlled by gNB, so the timer is not needed. 

	Qualcomm
	Not support
	We also agree with LG.

	Nokia
	
	The scheme is mainly targeted to autonomous deactivation. It may avoid imprudent deactivation by UE that may lead to performance degradation (e.g. some triggering criteria of autonomous deactivation may be only temporary or “flash effect”). Modification of LCP parameters, on the other hand, is an optional feature which improves resource efficiency by not pushing duplicates to the air interface aggressively when such timer is running. 
However, if the framework we proposed in previous Questions, i.e. dividing the legs into network-controlled subset and UE-controlled subset, is supported, then this feature is probably not needed.

	vivo
	Partial support
	We consider that changing the LCP restriction (e.g. changing the cells for duplicated packet transmission) would provide the same benefit as changing the activated legs. However configuring 4 legs for a DRB would reduce the number of DRBs which can be configured for the UE. In the I-IOT scenario(s), the UE could be a switch providing various services to lots of I-IOT end stations. This would require the UE to be configured with more DRBs, and more DRBs are configured with PDCP duplication.
Regarding the timer, we consider that if the LCP restriction change criteria is related to the measurement result (e.g. RSRP/RSRQ). Some TTT-alike scheme can be supported to avoid too frequency LCP restriction change due to the temporary measurement result change.

	Apple
	Not Support
	We agree with LG. 

	Lenovo
	Not support
	Agree with LG and others

	SPRD
	Not support
	We agree with LG.

	Samsung
	Not support
	Agree with LG.

	OPPO
	Not support
	Agree with LG.

	III
	Not support
	At this stage, we don’t see the needs of temporary LCP modification mechanism and related timer.

	Intel
	Not support
	Agree with LG and others.

	Sharp
	Not support
	The secondary leg with modified LCP parameters does not satisfy the QoS requirement of the DRB. So, if the primary leg good enough during the timer is running, it is useless to keep the secondary leg and if the primary leg is not so good during the timer is running, keep the secondary leg may also not satisfy the QoS requirement of the DRB.

	MediaTek Inc.
	Not supported
	Agree with LG

	
	
	




Summary of Question 5: 
Support: 1
Not support: 14
Majority of companies think this is an unnecessary optimization.
Proposal 5: the mechanism of introduction of a timer and temporary LCP modification to avoid deactivate PDCP duplication as soon as the corresponding criteria is met is not pursed by RAN2.


2.3	UE-based number of copies selection	Comment by Qualcomm: The title could be reworded to avoid any confusion as it may be suggest that the question below considers UE selecting number of copies.
As mentioned in the Introduction part, RAN2 #106 meeting has agreed to support the case that number of copies equals to the number of active RLC entities. For UE-based UL data duplication, it seems that there is no reason we should support other cases, i.e., the number of copies is larger/smaller than the number of active RLC entities.

Question 6: If any company supports the case that number of copies is larger/smaller than the number of active RLC entities for UE-based UL data duplication, please state your opinion in detail.
	Company
	No. of copies larger/smaller than no. of active RLC entities? (Y/N)
	Comments

	LG
	No
	We think UE based leg selection is same as UE based activation, and the UE should transmit duplicated packets to all the activated RLC entities. Thus, the number of copies is always equal to the number of activated RLC entities.

	CATT
	No
	The number of activated RLC entities is smaller or equal to the number of configured RLC entities (we prefer no more than 2 activated RLC entities)
The number of copies is equal to the number of activated RLC entities.

	Ericsson
	No
	If the nr of active RLCs > nr of copies, then the UE could decide which of the active RLCs to use. No need to specify anything further. 
The nr of transmitted copies shall always be limited by the MIN(nr of copies, nr of active RLCs). Thus, the case of nr of active RLCs < nr of transmitted copies is not relevant.

	DOCOMO
	No
	

	Fujitsu
	N
	(1) The number of copies is larger than the number of active RLC entities:
We don’t see any use cases for this scenarios.
(2) The number of copies is smaller than the number of active RLC entities:
In principle, the gNB will decide the number of activate RLC entities based on meeting the reliability. If the number of copies is smaller than the number of active RLC entities, there would be high risk that the reliability cannot be met.

	Qualcomm
	Yes
	As we explained in answer to question 1, we see value in configuration where number of active RLCs is greater than number of copies. 
We don’t see need for supporting a configuration where number of active RLCs is less than number of copies, as benefits are unclear. 

	Nokia
	No, but…
	For the question per se: “if the number of copies can be larger or smaller than the number of active RLC entities”, our answer is NO.
However, our understanding is that, the essence of this scheme is to allow the UE activating/deactivating RLC entities to control the total number of copies (one copy per active RLC entity). So, the agreement we made in RAN2 #106 is still valid. 
This is very similar to UE-based leg selection or activation/deactivation in our understanding, so we think the framework we proposed in Q1 and Q2 is also applicable to this case, where the legs can be divided into network-controlled subset and UE-controlled subset.

	vivo
	Can support
	We consider that the UE may need to be configured with more DRBs and the number of legs which can be configured is limited due to the shortage of the LCID. Then if one DRB is configured with 2 legs, providing 3 or 4 duplicates for the 2 legs would improve the reliability of the packet transmission.  

	Apple
	Yes
	If the number of active RLC entities is larger than the number of copies, UE can select the active RLC entities for data transmission. 
It’s not reasonable for the number of copies larger than the number of RLC entities.   

	CMCC
	No
	Prefer following RAN2#106 agreement. Otherwise, we will make things too complicated

	Lenovo
	No
	

	SPRD
	No
	If the number of copies is larger than the number of active RLC entities, there will always be legs via which more than one copies are transmitted. We don’t see any gains for this case, as the reliability gain of duplication is achieved by transmitting copies via different legs.
If the number of copies is smaller than the number of active RLC entities, the reliability requirement of the associated service might not be met in some cases. Even if the reliability requirement can be guaranteed, the copies selection solution is needed and more complexity will be introduced. The simple way is to deactivate the extra RLC entities.
We think that only the number of copies equals to the number of active RLC case is considered.

	Samsung
	No
	

	OPPO
	Yes
	As we mentioned above for Q1 and Q2, it is valuable to consider the case where the number of activated RLCs indicated by MAC CE is larger than number of copies.

	III
	Yes
	For UE-based UL data duplication, if the number of activated RLC entities is equal to or larger than the number of copies, the UE can select the legs for different flows mapped to the same DRB. Note that the copies are sent on different legs.

	Intel
	No
	We agree that there is no need to consider the case that the number of copies is larger/smaller than the number of active RLC entities. We already have two levels of control for PDCP duplication: RRC signalling configures the set of RLC entities associated with the DRB, and MAC based approach (MAC CE and/or UE based approach) selects a subset of RLC entities among the RRC-configured RLC entities. There is no need to add another level of control.

	MediaTek Inc.
	No
	

	
	
	




Summary of Question 6: 
Support: 5
Not support: 12
Majority of the companies which does not support this feature think that UE should send duplicated packets to all activated legs. Otherwise, if the No. of copies is smaller than the No. of activated legs, the reliability requirement might not be met; if the No. of copies is larger than the No. of activated legs, no gain is expected to be obtained, as the reliability gain of duplication is achieved by transmitting copies via different legs.
On the other hand, majority of companies support this feature mainly emphasis on the case that No. of activated legs is larger than the No. of copies, which allows UE to further restrict range of activated legs on the basis of activation results given by NW-controlled mechanism.  
Proposal 6: The mechanism of UE-based (UE deciding) number of copies selection is not pursued by RAN2.


2.4 Per-packet selective duplication
The per-packet selective duplication scheme allows UE to only duplicate specific UL data packets within a DRB. Network could configure the criteria of activation of such transmission duplication. The overall mechanism of per-packet selective duplication is similar with the above discussed UE-based packet duplication. The main difference lies on the duplication activation/deactivation criteria. In the following, the duplication activation criteria proposed by the companies’ contributions are presented:
· Option 1: network performance-based--- whether or not the duplication should be activated depends on the performance, status of the transmission on the primary leg. For example, duplication is activated upon receiving non-toggled NDI for an UL HARQ process carrying that DRB.

· Option 2: survival timer-based duplication---duplication will be activated for increasing the link reliability in order to avoid the starting and expiry of the survival timer, i.e., avoid that the application transits to the ‘down state’

· Option 3: packet type-based---the PDCP entity selectively decide which PDCP PDU should be submitted in a specific DRB, assuming more than one QoS flows with different performance requirements or latency targets are mapped to the same DRB. Also, note that critical data packets, e.g., PDCP control PDUs could be another choice for per-packet selective duplication.

· Option 4: special scenarios such as data transmission is delayed in path switch during handover or PDCP data recovery procedure

· Option 5: Timer-based duplication--- A timer is configured for every PDCP PDU, which starts when the original copy is submitted to the RLC layer, and its duplicate is further processed if and only if the ACK for the original copy is not received before the timer expires.

Question 7: Companies are requested to indicate their opinions about introduction of per-packet selection duplication (support or not support).

	Company
	Support or not support
	Comments

	LG
	Support 
	The different priority packets can be associated within one QoS flow, which means that the critical packets and non-critical packets can be transmitted within a QoS flow. Therefore, we think not all the packets within the same DRB need to be ensured with the same reliability. For example, in our view, the SDAP Control PDU and TCP ACK packet can be one of the critical packet. This is because the SDAP Control PDU can be duplicated in order to reduce the reordering time in network side, and the TCP ACK packet may need to be transmitted more reliably than other TCP packet to maintain or increase the throughput. With the above reasons, we think that the Option 3 can be considered for selective duplication.
In addition, even if the critical packets are duplicated, the transmission of the critical packets would be delayed due to Head-of-Line breaking problem in RLC. Therefore, we think it would be better to use different RLC entities for important packets and normal packets. There could be more than two RLC entities configured for important packets to apply PDCP duplication selectively for the important packets.

	CATT
	Support
	Some examples using HARQ-NACK trigger (along the lines of above option 1):
· UE triggers duplication of the retransmission(s) only
· UE triggers duplication of only the next packet of this DRB (addressing the case where a TSN flow cannot tolerate two consecutive packet failures)

	Ericsson
	Support
	We support this because we think that duplicating always all packets is not needed. Per packet duplication falls within the area of efficient transmissions. Efficient transmissions may be configured for those services which can tolerate some delay. A duplicated packet is only needed if the transmitter does not get an RLC ACK feedback before the packet delay budget is consumed. This can be easily implemented in PDCP without creating inter-layer dependences.

	DOCOMO
	Not supported
	We prefer NW controlled per-DRB selection duplication.
For option 3, it can be resolved by implementation that QoS flows with different performance requirements or latency targets should not be mapped to the same DRB.

	Fujitsu
	Support
	We see some use cases that the different priority packets can be associated within one QoS flow, for example, in the case of initial NR deployment, where only limited number of QoS flows is established. Here are examples.
(1) We agree with the use case of the TCP ACK. There can be the case that UL TCP data and UL TCP ACK associated with a DL TCP flow are aggregated within one QoS flow. The per-packet selective duplication would be applied to the TCP ACK.
(2) The use case also includes UL TCP data. The per-packet selective duplication can also be applicable to TCP SYN and TCP SYN ACK packets. It could also be applicable TCP packets during slow-start phase.
(3) Another use case is ECN (Explicit Congestion Notification). The per-packet selective duplication can be applicable to UL data packet with ECN echo flag, which is corresponding to DL congestion.

	Qualcomm
	No support
	Solution should not require time-consuming per-packet operations like inspecting PDCP SDUs headers especially if the target use case is URLLC. This can be addressed by just creating a separate bearer.
Some aspects of selective duplication are unclear. For instance, consider carrying out selective duplication based on radio conditions on cells of primary RLC. If selective duplication is triggered by detecting poor radio conditions on those cells, it is unclear if UE should keep using those cells and have to split transmit power (thus being left with smaller transmit power better cells).
More importantly, we believe selectively duplication can be realized with minimal Rel-15 enhancements as described below:
· Network configures PDCP duplication with duplicates sent using two RLC entities R1 and R2 (ie, like in Rel-15 PDCP duplication);
· Network configures configured grant on carrier C1 associated with R1/LCH1;
· Network uses dynamic grants when needed (ie, selectively) on another carrier C2 associated with R2/LCH2;
· Network sets PDCP discard timer to ensure that packets not sent within traffic’s packet-generation period are discarded.
[image: ]
The above approach shares some aspects of option 2. 
To reiterate, key advantages of above approach are that 
· it doesn’t need enhancements to Rel-15 PDCP duplication and 
· only needs more granularity for PDCP discardtimer IE values.
Any Rel-16 enhancement should have a clear advantage over the above Rel-15 approach. 

	Nokia
	Conditionally Support
	Depending on the option to be considered. See more details in Q8.

	vivo
	Supported as Rel-15
	The PDCP control PDU (e.g. ROHC feedbacks) should not be duplicated.

	Apple
	Support
	We agree with LG. 
Current duplication is located in PDCP layer and handled at the granularity of RB. It’s very possible for NW to configure multiple services/QoS flows into one DRB. In such configuration, we cannot only increase the transmission reliability of certain special important packets/services inside the DRB. And duplication transmission is not efficient in DRB level and needs to be improved only for the critical packet.  

	CMCC
	Support
	Agree with LG

	Lenovo 
	Support
	In order to be resource efficient PDCP duplication should be only applied when required. Therefore UE-based PDCP duplication activation/deactivation, i.e. based on gNB requesting a retransmission, is some suitable technique to quickly enable duplication when necessary in order to increase the link reliability.

	SPRD
	Support 
	We support because there may be different levels of reliability requirement of packets even within one DRB.  For example，for an Industrial IoT traffic flow, there could be critical packets, such as emergency stop packets, within a radio bearer or a QoS flow. In another case, in application layer, there could also be critical packets, such as I-frame of the video call. Those critical packets may have tighter requirements of reliability and latency than other packets within the same radio bearer or the QoS flow. 
Thus, some of the packets will require high reliability through PDCP duplication, while others will not and duplication for these packets may cause problem of resource waste.

	Samsung
	Not support
	Agree with DOCOMO.
Delayed duplication, i.e. options 2 and 5 relying on RLC feedback, is not a main scenario of IIOT. Delay-sensitive IIOT traffic will be served on RLC UM bearer. 

	OPPO
	Can Support
	More than one QoS flows can be mapped into the same DRB. From our point of view, in a special DRB, part of packets need to be transmitted in a duplicated way but others need not, due to the different reliability/latency requirements of the related packets. With this method, the duplication resource efficiency can be improved.

	III
	Not support
	Per-packet selective duplication would be beneficial to improve resource efficiency but it may increase the transmission latency and the complexity of UE & NW design. We share the same view with Docomo. For IIOT service, we need to consider not only reliability issue but latency issue.

	Intel
	Support
	We’re OK to support per-packet selective duplication since different QoS requirements for packets within a given DRB may need to be supported. We think this aspect should be separately defined from UE based activation/deactivation, which is to select a subset of RLC entities for duplication.

	Sharp
	Not support
	We do not think it is necessary to treat the packets from the same DRB has the same/similar QoS requirement differently.

	MediaTek Inc.
	Support
	We share a similar view as Lenovo, that to improve resource efficiency, it is better to increase robustness via duplication in cases of failure. Of course, such a mechanism would not work for the ultra-low latency case. However, in low latency cases where one retransmission is tolerable, this can dramatically improve resource efficiency.

	
	
	



Summary of Question 7: 
Support: 13
Not support: 5
The companies supporting this feature think that it is beneficial in terms of guaranteeing high reliability level for critical packets within the same DRB as the non-critical packets, or for QoS flows with high reliability requirement which mapped to the same DRB as the ones with low reliability requirement. On the other hand, some companies think that the problem could be solved by configuring QoS flows with high reliability requirement into a different DRB.
Proposal 7: The mechanism of per-packet packet duplication is to be agreed by RAN2.


Question 8: Companies are requested to indicate their preferred criteria (could be more than one) of activation/deactivation of per-packet selection duplication and justify their choice shortly.
	Company
	Preferred option
	Comments

	LG
	Option 3
	Option 3 is the most suitable criteria for per-packet selective duplication. It could be assisted by the Option 2.

	CATT
	Option 1
	We see HARQ-ACK based duplication trigger as a simple, spectral-efficient and effective mechanism to quickly increase the reliability of a re-transmitted URLLC packet and/or following packets. The principle can also be extended to RLC-ARQ. Although addressed in option 2 by the rapporteur, such approach is also well suited for TSN flows with survival time requirements. 

	Ericsson
	Option 3
	In the line of what was answered in question 7. We think that simple mechanisms should be considered. Mechanisms which require the PDCP to look into SDAP/QoS flows are complex and create inter-layer dependences. Latency criteria should be set on a DRB level, something that PDCP can do by its own.

	Fujitsu
	Option 3
	See the above-mentioned comments.

	Qualcomm
	
	Solution should not require time-consuming operations like inspecting each PDCP SDU headers, which makes option 3 unsuitable.


	Nokia
	Option 1 and Option 5
	From resource efficiency point of view, Option 1 avoids unnecessary duplicate transmission if the original packet is deemed to transmitted reliably. Apart from HARQ feedback, other criteria may include configuration/resource used for transmission of the original packet. In general, we think the criteria to be adopted should be the same as what will be adopted in Q2, as Option 1 is more or less equal to UE based activation/deactivation or leg selection. Also, we think it can be supported as an implementation of what we proposed in Q1, Q2, and Q6, where the configured RLC entities for a DRB can be divided into network-controlled subset and UE-controlled subset, and per-packet selective duplication can only be applied to the legs in the UE-controlled subset.
For option 2, survival time is not a prioritized target for Rel-16 in spite of its importance according to SA1 requirement, so it should be discussed in future releases if possible. The benefits of Option 3 is not clear to us because SDAP can already perform suitable DRB mapping in most cases. Option 4 should be discussed in WI of mobility enhancement instead.
In addition, we would also like to propose Option 5 – where a timer is associated to every PDCP PDU, and its duplicate is transmitted if and only if the ACK for the original copy is not received before the timer expires. Note that it is not the same as Option 2.

	vivo
	Option 3
	We consider that only the PDCP control PDU should not be duplicated, other PDU types seem difficult to be differentiated by the PDCP entity.

	Apple
	Option 3
	Option 3 could improve the duplication resource efficiency, as we indicated in our answer to Q7. 

	CMCC
	Option 2 and Option 3
	Survive time is denoted as a QoS requirement for the TSN network. We should address the similar concern if the NR Rel-16 aims at the IIOT scenarios. But we agree that the study of survive time should be begin at SA1 group.

	Lenovo 
	Option 1 
	The DCI-based PDCP duplication criteria, i.e. upon reception of a non-toggled DCI UE activates duplication, is a resource efficient and effective mechanism to quickly increase the transmission reliability for a TB for which a retransmission is requested as well as for subsequent TBs.

	SPRD
	Option 3
	The performance requirement of reliability and latency is suitable as criteria for per-packet selective duplication.

	OPPO
	Option 3
	In the case where different QoS flows with different reliability requirement are mapped into one DRB, it is beneficial to differentiate packets, and only transmit the packets with higher reliability in the duplicated way. Packets can be differentiate with QFI. Whether to apply this method can be controlled by the network.

	Intel
	Option 3
	Option 3 could be a starting point.

	MediaTek Inc.
	Option 1
	We see option 1 operating as a selective duplication mechanism and provide an example of its operation below:
1. The NW configures DRB x with n RLC entities for the transmission of n copies 
2. The NW enables duplication for DRB x
3. The UE provides new data to a single RLC entity only, i.e. duplication is not performed
4. On the reception of a NACK from the NW (e.g. DCI with NDI not toggled), the UE generates n copies of those PDUs in the NACK’ed TB that belong to DRB x
5. Return to step 3
When the NW indicates a NACK, it provides n grants on all legs configured with duplication, for the transmission of n copies of data from DRB x. Duplication is only performed for packets that have failed its initial transmission attempt. This allows the NW to dynamically provision extra grants on other configured legs, in the knowledge that the extra resources will not be wasted.

	
	
	



Summary of Question 8: 
Option 1: 4
Option 2: 1
Option 3: 9
Option 4: 0
Option 5: 1
Many companies support Option 3 as it addresses the concern of how to guarantee the high reliability requirement of QoS flows mapped to the same DRB with the QoS flow exhibiting lower reliability requirement, especially important in the case of initial NR deployment where only limited number of QoS flows are expected to be configured.

Proposal 8: if the per-packet duplication is agreed by RAN2 in the online meeting, the option 3 (packet type-based duplication criteria) is proposed to be taken as the baseline for the scheme to be workable. 

2.5     Other aspects

Question 9: Do companies see any further aspects that were omitted above and are in the scope of this e-mail discussion? 
	Company
	Yes/no
	Comments

	Nokia
	Yes
	Based on our responses for the previous questions, we think the following framework should be considered as a unified framework for UE-based control:
· The network configures two subsets of the configured legs for a DRB. The subsets are network-controlled and UE-controlled respectively.
· The legs in the network-controlled subset can be controlled by gNB with the MAC CE as what has been agreed.
· The legs in the UE-controlled subset can be activated/deactivated, or perform per-packet selective duplication, based on pre-configured criteria.
· The subsets can be dynamically modified or disabled by the gNB.
This way we enable UE based packet duplication and allow sufficient level of network control at the same time.

	
	
	




3	Summary

Proposal 1: the mechanism of UE-based leg selection mechanism is not supported by RAN2
Proposal 2: since the number of companies support vs not supporting UE-based activation/de-activation PDCP duplication is comparable, online discussion is proposed to made to decide whether or not to introduce such mechanism. 
Proposal 3: If the UE-based PDCP duplication activation/de-activation mechanism is supported, further check of the option 1 (Channel condition of primary leg), option 2 (MAC HARQ or RLC ARQ feedback of primary leg), option 4 (Packet transmission delay of primary leg) to be the activation/de-activation criteria is proposed to be made in RAN2. Either down selection should be made, or the use of the combination of them (e.g., logical OR) as the criteria should be agreed.
Proposal 4: If the UE-based PDCP duplication activation/de-activation mechanism is supported, further check of the approach (the option 2: CG resource is pre-configured on the transmission leg; option 3: sending SR and BSR afterwards to ask for the PUSCH resource)) of sending UL data on the activated leg is proposed to be made in RAN2. Either down selection between the option2&3 should be made, or the use of the combination of them (e.g., logical OR) as the criteria should be agreed.
Proposal 5: the mechanism of introduction of a timer and temporary LCP modification to avoid deactivate PDCP duplication as soon as the corresponding criteria is met is not pursed by RAN2.
Proposal 6: The mechanism of UE-based (UE deciding) number of copies selection is not pursued by RAN2.
Proposal 7: The mechanism of per-packet packet duplication is to be agreed by RAN2.
Proposal 8: if the per-packet duplication is agreed by RAN2 in the online meeting, the option 3 (packet type-based duplication criteria) is proposed to be taken as the baseline for the scheme to be workable. 
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