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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This document is the summary of the following email discussion:
[97bis#13][NR] Control of UL PDCP duplication (Huawei)
Discuss the need for dynamic control (more than just RRC configuration) of UL PDCP duplication, and the possible solutions to achieve dynamic control.
Intended outcome: Email discussion report to next meeting.
Deadline:  Thursday 04/05/2017

[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]Discussion
Several companies proposed that UL PDCP duplication is configured by DRB. Note that in the view of several of these companies, this proposal does not necessarily mean that, while a DRB configured with UL PDCP duplication, UL PDCP duplication operation is ongoing, i.e. it could be dynamically (de)activated based on some trigger (L2 signalling, other).
In order to discuss how dynamic the control can be, it may be worth to first understand whether PDCP duplication would be used for certain DRBs only, or all DRBs. RAN2 agreed that PDCP duplication would be supported both for control plane and user plane, so the question applies to SRBs too.
One motivation for PDCP duplication is the support of URLLC, which has stricter latency and reliability requirements than other traffic types. Another motivation which was raised is to make handovers more robust, i.e. with simultaneous duplicate transmission towards the source and target cell, normal UE operation could continue even if RLF occurs on one side.
If the UE has only URLLC traffic type, it may be useful that UL PDCP duplication is used for all DRBs and for SRBs too. If the UE has multiple traffic types, maybe UL PDCP duplication is not necessary for all DRBs. Since each DRB must be configured separately anyway, it may be preferable to keep the flexibility to configure UL PDCP duplication by DRB too. The same could apply for SRBs.
Question 1: should PDCP duplication be configurableper DRB/SRB?
	Company name
	Yes/No
	Comments

	KT
	Yes
	The packet duplication should be configurable based on traffic type, etc.

	NTT DOCOMO
	Yes
	It should be case by case per RB.

	NEC
	Yes
	Configuration per RB should be allowed to achieve the expected gain.

	Ericsson
	Yes
	Only required for specific radio bearers with high reliability requirements. Otherwise not needed, thus redundancy should be avoidable, by not configuring duplication.

	Panasonic
	Yes
	PDCP duplication is mainly for URLLC, hence It should be per SRB/DRB.

	ZTE
	Yes
	The PDCP duplication should be configured based on the QoS requirement (e.g. reliability, latency, etc).

	Qualcomm
	Yes
	Packet duplication is used for specific services so it should be configurable per bearer.

	LG
	Yes
	The packet duplication is required only for special cases such as URLLC transmission or during handover. As it is not always required, it does not have to be mandatorily supported.

	vivo
	Yes
	The packet duplication is just for the special service, so it is better per RB.


	Nokia
	Yes
	Packet duplication is not used for all services, therefore, it should be RRC configurable per bearer.

	MediaTek
	Yes
	

	Fujitsu
	Yes
	The possible multiple services of one UE may have variousreliability requirements. The PDCP duplication shall be configured per DRB/SRB based on the service requirement.

	CATT
	Yes
	Making UL PDCP duplication UE-specific instead of DRB-specific looks overkill in terms of overhead so that the configuration granularity should be DRB level. In addition, not all DRBs are necessarily configured with DC or CA

	OPPO
	Yes
	Considering the multiple service types per UE, it’s preferable that the PDCP duplication is configured per DRB/SRB.

	Sharp
	Yes
	Different DRB/SRB corresponds to different QoS. PDCP duplication is low resource efficiency and should only be used for RBs that requires low latency and high reliability. So, it should be configured per RB.

	MTI
	Yes
	It should be configurable per RB. 

	BlackBerry
	Yes
	

	Intel
	Yes
	For DRB, we think this should be configurable per DRB. PDCP duplication might be beneficial for URLCC, but it is not needed for eMBB.

For SRB, we think further study is needed on whether PDCP duplication should be supported.

	CMCC
	Yes
	The duplication function is intended to fulfil the requirement of reliable transmission for specific traffic type, so it should be optionally configured per traffic type e.g. per DRB. 

	ITRI
	Yes
	For DRB, PDCP duplication should be configurable depends on different types of services.
For SRB, we could consider different treatment, e.g., always applying PDCP duplication for UL transmission to achieve the purpose of CP robustness as the baseline.  Further optimization, such as define the groups of RRC messages to be duplicated or not, could be further studied.

	InterDigital
	Yes
	Not all services require high reliability, thus duplication should be configurable per RB.

	Huawei, HiSilicon
	Yes
	



In [8], a number of conditions are raised for packet duplication to be beneficial: when there isn’t enough bandwidth to satisfy URLLC requirements, when the channel quality of both links is similar, when Xn interface between the master and secondary node is sufficiently fast, when overall channel occupancy is low. Based on these conditions, [8] is suggesting that packet duplication would be activated primarily at the cell edge.
In [1], there are evaluations for DL resource efficiency in order to fulfil URLLC requirements, with 3 different average SNR values towards the master node, and for each with a set of differences towards the (up to 3) secondary nodes. For the highest SNR value considered, the evaluation confirms the assumption of [8] that packet duplication is mostly beneficial when all links have equal quality. For the lowest average SNR value considered, multiple links are almost always necessary to achieve URLLC requirements with the considered TB sizes, which matches the analysis in [8]. For the intermediate average SNR value in [1], even with a significant imbalance between the links towards the master and the secondary node, there are benefits to use duplication. This situation wasn’t considered in [8].
One thing to note is that the above evaluation is for DL, while we are discussing UL here. However, for the purpose of determining whether UL PDCP duplication is needed, such evaluations could still be valid.
So there seems to be at least 2 scenarios:
- 	one scenario where UL PDCP duplication is always beneficial in order to realize URLLC services
-	one scenario when UL PDCP duplication is only beneficial in conditions such a the cell edge
Question 2: Do companiesthink that both scenarios considered above are valid cases for UL PDCP duplication? Do companies see extra use cases/scenarios/dynamic conditions?
	Company name
	Yes/No
	Comments

	LG
	Yes
	


	vivo
	Yes
	We agree that the above 2 scenarios are also valid for the UL case.

	KT
	Yes
	We think both scenarios are valid cases in NR.

	Nokia
	Yes
	

	NTT DOCOMO
	Yes
	The above two scenarios are potential use cases.

	NEC
	Yes
	We also think both will be valid scenarios where the gain could be expected.

	Ericssson
	Yes
	The requirement for duplication may change depending on UE SINR, e.g. cell center or cell edge.

	Panasonic
	Yes
	

	ZTE
	Yes
	We agree that the two scenarios above are valid.

	Qualcomm
	Yes
	

	MediaTek
	Yes
	These scenarios appear to be valid. In addition for high frequency operation, packet duplication may be needed to handle intermittent blockage.

	Fujitsu 
	Yes
	Both two scenarios are valid cases.

	CATT
	Yes
	Both scenarios are valid, but not the only ones. For example, cell edge is not the only case of radio link degradation where packet duplication brings benefits. This is also the case in HF links, where UE, not necessarily at cell edge, experiences channel blocking in one leg, which is a case of significant channel quality imbalance across legs. We showed in R2-1700193 that packet duplication significantly improves both latency and reliability compared with single connectivity in such scenario. So we think the second scenario should be extended to more generic radio link degradation cases.

	OPPO
	Not sure
	What does the mean of the first scenario, does this mean that for URLLC services, no matter where the UE is (cell centre or cell edge), the UL PDCP duplication is always beneficial? 
Another case could be the handover scenario as the rapporteur has mentioned.

	Sharp
	Yes
	

	MTI
	Yes
	Both of the scenarios are valid cases for UL PDCP duplication 

	BlackBerry
	Yes
	Both scenarios are relevant 

	Intel
	Yes
	We think that the 1st scenario could be considered. For the 2nd scenario (cell edge), while packet duplication may not be useful in all cases (e.g. power limited case), it could be beneficial in some cases.

	CMCC
	Yes
	Both scenarios are valid cases.

	ITRI
	Yes
	

	InterDigital
	Yes
	UL PDCP duplication can be useful in the above scenarios. On the other hand, there are cases within these scenarios where there may be no gain, or where duplication could even lead to performance degradation. For example, if the UE is transmitting near maximum power, the increase of scheduling activity caused by duplication increases the probability that the UE applies power scaling. Another example is  


	Huawei, HiSilicon
	Yes
	



If UL PDCP duplication is always activated (e.g. for URLLC), RRC signalling could be perfectly suitable for this.
If UL PDCP duplication is always started or stopped at the same time like some RRC signalling is used, RRC signalling could also be suitable. Different scenarios can be considered:
-	if UL PDCP duplication is only usedat the cell edge using(possibly intra-)frequency DC, the network first needs to add a secondary node, which can be triggered e.g. based on some measurement report. If the trigger to setup DC is the same as the trigger to use UL PDCP duplication, it could be sufficient to support start/stop of UL PDCP duplication upon RRC signalling, together with (re)configuring SRBs/DRBs as split or non-split.
-	if DC is used not only at the cell edge, e.g. to enhance the capacity thanks to a smaller cell but still use the coverage of a macro cell in order to avoid mobility issues, the links towards the macro and the small cell may both be good, in which case it could be sufficient to map all SRBs/DRBs to a single leg.
-	if CA is used with each UL PDCP duplication leg mapped to a specific carrier, there could be one first mapped to the PCell and the second leg to an SCell, or both legs on two different SCells. In both cases, at the earliest, the mapping can be configured when the SCell is added. One possibility could then be similar to what is discussed above for DC, i.e. start/stop of UL PDCP duplication is done with RRC signalling, possibly when the corresponding SCell(s) are added.Actually, since at least one of the carrier where one PDCP duplication leg is mapped can be (de)activated by a MAC CE, UL PDCP duplication could also be started/stopped by activation/deactivation of one of the carrier to which it is mapped. Of course, this doesn't provides so much flexibility as it is linked to the usage of SCell(s) for potentially other usage than UL PDCP duplication, e.g. for DL transmission.
-	if UL PDCP duplication to the same carrier is possible, unlike the DC case and the CA case with each leg mapped to a different carrier, there is no RRC signalling at least to initiate DC/CA.
In all these cases, if the (de)activation of UL PDCP duplication is triggered by a DL measurement report, although using RRC signalling has some additional overhead, it may not be such an issue to have one more reconfiguration.
Question 3: Do companies think that it is sufficient that UL PDCP duplication is started by RRC signalling and stopped by RRC signalling? If no, why and in which scenario(s) is it not sufficient?
	Company name
	Yes/No
	Comments

	LG
	No
	RRC configures whether the radio bearer supports packet duplication or not. However, even if the radio bearer is configured to support packet duplication, the PDCP transmitter does not have to perform packet duplication for all PDCP PDUs. As the packet duplication is useful only at special conditions e.g. bad radio conditions, important packet transmission, etc., it is desirable to perform packet duplication only when it is really needed. 


	vivo
	No
	Lower control signalling can give the quick reaction due to radio channel change.


	KT
	No
	As described in above, in CA case which is with each leg mapped to a different carrier, PDCP duplication cannot started just by RRC signalling. After activating the corresponding SCell by MAC signalling, PDCP duplication can start.

	Nokia
	No
	RRC signalling configures the other leg for the duplication and similar to CA, MAC CE is used for activation/deactivation of the duplication.

	NTT DOCOMO
	No
	Packet duplication should be restricted only if needed. It would increase the RRC signalling load if it merely relied on the RRC reconfiguration.

	NEC
	No
	In some specific case, this may be OK but the restriction to RRC signalling only will cause an undesirable situation, e.g. only signallingoverhead without any gain in good coverage at one leg.

	Ericsson
	No
	Agree with LG.

	Panasonic
	No
	Agree with LG and Nokia

	ZTE
	No
	RRC signalling can be used to configure a RB with packet duplication. Activation/deactivation by MAC CE could provide faster response to the dynamic change of radio conditions. 

	Qualcomm
	No
	RRC configures whether the radio bearer supports packet duplication.

	MediaTek
	Maybe
	For some low rate services, RRC signalling alone may be sufficient. If packet duplication is deemed unnecessary, then RRC reconfiguration to stop duplication can be used. In other scenarios, more dynamic activation/deactivation schemes can be considered.

	Fujitsu
	No
	The UL PDCP duplicationshall be started or stopped based on the various radio condition. For radio resource efficiency, the duplication shall be disabled when the radio quality becomes good enough to satisfy the service requirements by the split transmission. In this case, there is no need to re-configure the PDCP entity. So L2 signalling is enough to activate or deactivate the duplication and the RRC signalling can be saved, 

	CATT
	No
	We share other companies’ view. The duplication feature should provide enough flexibility in the activation to allow making use of it only when needed. So we think RRC configuration should be complemented with L2 activation/de-activation.

	OPPO
	No
	Maybe RRC signalling is suitable for start or stop UL PDCP duplication when adding SCG in DC or Scell in CA as the rapporteur mentioned. However, if more dynamically control is needed, only using RRC signalling will bring large overhead. The scenario may be that when one leg becomes good enough to reliably transmit data.

	Sharp
	No
	PDCP duplication should be enabled as soon as possible when the link quality is poor and should be disabled when the link quality is good enough. Mechanism, for example L2 signalling, that more efficient and more quickly than RRC signalling should be considered.

	MTI
	No 
	It is worthy to note that L2 signaling may cause additional issues to preserve the QoS of URLLC. We suggest to consider L2 signaling and/or pre-configured trigger mechanisms to activate/de-activate UL PDCP duplication. 

	BlackBerry
	No
	As mentioned by many companies above, RRC signalling is not fast enough to trigger the duplication

	Intel
	No
	Agree with LG.

	CMCC
	No
	Agree with LG.

	ITRI
	Maybe
	It depends on whether the dynamical control is required frequently for the use scenarios. Also, if the NW could early detect the trigger conditions to active and de-active the duplication function, RRC signalling alone may be sufficient. If frequently dynamical control is expected, we could consider L2 signalling for quick reaction.

	InterDigital
	No
	Considering its latency, RRC signalling is suitable for configuring PDCP duplication based on long term channel conditions of both links. However, shorter term fluctuations of channel conditions may temporarily cause relative performance between the links to be imbalanced (e.g. in case blocking would occur for a link at mm-wave frequencies) and possibly increase of buffer occupancy for the worse link. A faster mechanism would be needed to control duplication when this occurs. 

	Huawei, HiSilicon
	Maybe
	The conditions for duplication as indicated in the above scenarios could be the same as triggering conditions for measurement reporting, so that RRC signalling might be sufficient to actually start/stop PDCP duplication. For the sake of signalling reduction, it would be possible 



Different options, besides RRC signalling, were considered:
-	L2 signalling: either a PDCP control PDU or a MAC CE
-	a pre-configured trigger, e.g. based on UE measurements
Question 4: For companies which think that RRC signalling is not sufficient to (de)activate UL PDCP duplication, could the above methods, or another method, be used? Is there any reason to prefer or exclude some of the mentioned methods?
	Company name
	Preference
	Comments

	LG
	L2 signaling
	If we use a pre-configured trigger, when the UE performs packet duplicationis unpredictable from the gNB point of view.

	Vivo
	L2 signalling
	The gNB can quickly know the change of UL radio channel. It is better that the gNB (de)activates duplication directly.

	KT
	L2 signalling
	The packet duplication should be under network control. L2 signalling is preferred.

	Nokia
	L2 signalling
	Duplication should be under network control. Compared to PDCP Control PDU, MAC CE allows activation/deactivation of several/all bearers at the same time.

	NTT DOCOMO
	L2 signalling
	Agree that it should be under the NW control. NW can learn the radio quality in UL, e.g. form SRS.

	NEC
	L2 signalling
	It will be easier/simpler for the network to control the duplication dynamically via L2 signaling. 
Solution (PDCP control PDU or MAC CE) can be decided after clarifying which layer decides this (de)activation and also whether common solution should be applied for DC-type and CA-type duplication (because we expect CA-type could be more dynamically controlled)?

	Ericsson
	L2 Signalling
	Dynamical control of duplication is beneficial.

	Panasonic
	L2 signalling
	It should be under network control and gNB could activate duplication based on MAC CE or PDCP control PDU.

	ZTE 
	L2 signalling
	The activation/deactivation of duplication should be controlled by NW side directly.

	Qualcomm
	L2 signalling
	Agree with above.

	MediaTek
	L2 signalling + UE based options
	It seems a bit early to rule out potential options. An alternative to explicit gNB signalling would to specify UE based mechanisms for packet duplication (hardcoded in the spec). UE based solutions have the benefit of requiring less signalling (and hence also more timely) while L2 signalling provides for fuller control by the network, and both maybe needed for different scenarios.

	Fujitsu
	L2 signalling
	The UL PDCP duplication shall be controlled by network rather than UE, because the network has more information on the UL radio condition and resource usage. Besides, whether the UL duplication is activated or not shall be known by the network.

	CATT
	L2 signalling
	NW-controlled L2 activation/de-activation should be the baseline.

	OPPO
	L2 signalling and/or pre-configured trgger
	We think both options should be considered. There is one option that the network could pre-confiugre a trigger, then it can dynamically update the trigger or over-write the trigger by L2 signalling, e.g., MAC CE.

	Sharp
	L2 signaling
	Considering that QoS is controlled by network it is reasonable when to enable or disable UL PDCP duplication should be dynamically indicated to UE by network according to the uplink quality and available resource.

	MTI
	L2 signalling and/or pre-configured trigger  
	L2 signaling may raise potential issues: 
(1) Additional latency would be introduced if gNB delivers L2 signaling after it noticing the URLLC packet delivery status is already poor. In addition, the QoS of pending PDUs under PDCP layer may still be influenced. 
(2) Based on RAN1 agreements, UE may deliver URLLC PDUs in grant-free resource (e.g. SPS resource). Moreover, the SPS may be shared among multiple UEs. So, it would be possible that gNB does not know the UE has delivered a URLLC packets in the SPS resource.  
To prevent the issues above, we propose to consider L2 signaling and/or pre-configured trigger mechanisms. 
In addition, to de-activate UL PDCP duplication, pre-configured trigger mechanisms should also be considered. The pre-configured trigger mechanisms for UL PDCP duplication can be further studied in RAN2. 

	BlackBerry
	L2 signalling and UE based options
	We agree with MediaTek/Oppo and MTI. We think L2 signaling can be used to allow network control. However, L2 signalling alone may not be sufficient to meet the reliability requirements in certain scenarios (due the delay in reception of the trigger/temporary loss of DL signaling etc). We think to handle these scenarios, a UE based trigger (which can be configured by the network – e.g. via a threshold signaled by the network) is necessary.  

	Intel
	L2 signalling
	Packet duplication should be controlled by gNB.

	CMCC
	L2 signalling
	[bookmark: _GoBack]Duplication should be under network control. L2 signalling could enable a fast and efficient activation/deactivation of duplication.

	ITRI
	L2 signalling
	L2 signalling for quick reaction could be the baseline.

	InterDigital
	L2 signalling + autonomous suppression
	RRC signalling is sufficient to enable/disable duplication as a function of average radio conditions (based on RRM measurements).

Dynamic control of duplication by the network is beneficial to activate/deactivate duplication based on channel and load fluctuations.

In addition, it would be beneficial that the UE suppresses PDCP duplication under certain specific conditions that cannot be detected quickly by the network, e.g. when buffer occupancy increases over one link such that duplicates are no longer transmitted around the same time. The UE could skip duplication for a PDU when e.g. RLC has already indicated that the PDCP PDU has already been successfully transferred over another link. The UE could also skip duplication if buffer occupancy is above a threshold.

	Huawei, HiSilicon
	L2 signalling and/or pre-configured trigger  
	L2 signalling provides maximum flexibility for the network at the cost of increased complexity in L2. A UE pre-configured trigger would provide less network control but could be rather simple, e.g. a condition similar to measurement reporting triggers.



[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
23 companies participated in this email discussion.
All companies think that PDCP duplication should be configurable per DRB/SRB.
Proposal 1: Agree that PDCP duplication is configurable per DRB/SRB.
22 companies think that at least the two following scenarios are to be considered:
- 	one scenario where UL PDCP duplication is always beneficial in order to realize URLLC services
-	one scenario when UL PDCP duplication is only beneficial in conditions such a the cell edge
It was additionally commented that
-	the requirement for duplication may change depending on UE SINR, e.g. cell center or cell edge.
-	for high frequency operation, packet duplication may be needed to handle intermittent blockage (2 companies)
-	for cell edge, packet duplication may not be useful in all cases (e.g. power limited case) (2 companies)
-	in case buffer occupancy builds up for one of the links, there would be a long lag between the duplicated flows. 
Proposal 2: Confirm there are cases where packet duplication is always useful (e.g. for URLLC) and cases where it is only useful in certain conditions, e.g. at cell edge provided that the UE is not power limited and that one leg does not suffer from large buffer occupancy.
20 companies think that RRC signalling is not sufficient to start/stop PDCP duplication.
The reasons invoked are:
-	the PDCP transmitter does not have to perform packet duplication for all PDCP PDUs. As the packet duplication is useful only at special conditions e.g. bad radio conditions, important packet transmission, etc., it is desirable to perform packet duplication only when it is really needed. 
-	MAC CE could provide faster response to the dynamic change of radio conditions. 
-	PDCP duplication cannot be started just by RRC signalling. After activating the corresponding SCell by MAC signalling, PDCP duplication can start.
-	Packet duplication should be restricted only if needed. It would increase the RRC signalling load if it merely relied on the RRC reconfiguration.
-	the duplication shall be disabled when the radio quality becomes good enough to satisfy the service requirements by the split transmission. In this case, there is no need to re-configure the PDCP entity
-	shorter term fluctuations of channel conditions may temporarily cause relative performance between the links to be imbalanced (e.g. in case blocking would occur for a link at mm-wave frequencies) and possibly increase of buffer occupancy for the worse link. A faster mechanism would be needed to control duplication when this occurs.
The main motivations seem to be dynamic initiation upon quick link degradation, improvement of radio conditions, reduction of signalling overhead.
4 companies are not sure whether this is really necessary.
Based on the large majority, it is proposed to agree on the objective.
Proposal 3: In addition to configuration of PDCP duplication by RRC signalling, RAN2 will attempt to define at least one extra mechanism to start/stop PDCP duplication more quickly and with less signalling overhead. 
On the possible mechanism, 16 companies think it should be L2 signalling (MAC CE or PDCP control PDU) while 7 companies think it could be L2 signalling and/or some UE pre-configured trigger.
The benefits claimed for L2 signalling is more network control, while with the UE pre-configured trigger it is less signalling and faster UE action, however, it remains
Proposal 4: Discuss the possible triggers of start/stop of packet duplication and whether L2 signalling/UE pre-configured trigger is more appropriate for each trigger.
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