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1	Introduction
This paper addresses the below objective in the WID
•	RAN enhancements based on new QoS related parameters if any, e.g., survival time, burst spread, decided in SA2. [RAN2, RAN3]
[bookmark: _Ref178064866]In light of further inputs by other companies in the email discussion [1], this paper elaborates our views. There are no additional issues other than what have been covered in the email discussion.
2	Discussion
Once the survival time (ST) state starts, a gNB implementation may schedule the radio resource more robustly to increase the reliability of subsequent messages (e.g., the second message) so that the probability of satisfying the communication service availability requirement is increased before the survival time expiration. For example, the gNB can transmit a (re)-activation command for UL CG or a dynamic uplink grant with a more robust MCS, or even activating PDCP duplication. Even though adaptive L1/L2 configurations (e.g., changing MCS) are effective solutions, they work only if there is no beam blockage on the concerned cell, they do not offer diversity gain as in PDCP duplication, and it is further not clear the need of any specification changes. 
PDCP duplication can be activated/de-activated by MAC CE. But it was agreed to focus on short survival time of 0.5/1/2 ms and so the concerns on if the MAC CE approach can be fast and reliable enough. This is due to the processing delay of the MAC CE and the potential need of retransmitting the PDSCH that carries the MAC CE. Thus, we propose RAN2 to focus on PDCP duplication. 
[bookmark: _Toc79084064]RAN2 to focus on specification enhancements (if needed) on PDCP duplication when the UE enters the ST state. 
The proposal in [1] is that the survival time state is entered upon reception of a signal indicating/implying that the previous message is not received and some UE actions to improve reliability for the next message are expected. Indications can be a Re-Tx grant for a certain HARQ process or a CG type-2 activation command. In the rest of the paper, we analyze the pros and the cons of those solutions. 
2.1	Issues with Re-Tx grant-based triggering
It was proposed in the email discussion [1] that a retransmission grant (i.e., containing non-toggled NDI) is adopted as an indication to enter the ST state. However, the details are missing on what UE shall do upon entering the survival time, related with the resources to be used for PDCP duplication. 
Although not explicitly stated, one assumption is to pre-configure the resources for PDCP duplication. But this comes with problems:
· The pre-allocated resources are not optimal for survival time state, because the gNB cannot allocate resources just in time optimally to the UE with its most up-to-date channel conditions, see figure below. 
· It was commented in [1] that the gNB can transmit a CG type 2 activation command in time for the survival time operation. However, the gNB would only transmit a CG type 2 activation command upon detection of the entry of the survival time. It renders the solution essentially the same as the solution in section 2.2 since the CG type 2 activation command is always needed and so a better alternative to trigger survival time state and PDCP duplication. On the other hand, the retransmission of the previous failed message is not essential to meet the survival time requirement and so the retransmission grant can be OPTIONAL. 
[image: ]
· [bookmark: _Hlk78993273]If the resources are always activated, then those resources are only used in the survival time state (which is a very rare event) and so this is very inefficient. This issue was commented/discussed in the previous email discussion [1][2] but there is no clear conclusion. In a nutshell, to resolve this issue, there is a need for some specification changes (e.g., adding LCP restriction for MAC CEs) and some restrictions on gNB scheduling. 
[bookmark: _Toc79084062]For re-tx grant based triggering for survival time state, the resources for PDCP duplication are pre-allocated. These resources are not adaptive to the channel conditions and, thus, may fail to meet the survival time requirement. 
2.2	CG activation-based triggering
A better approach is, for survival time state, activating PDCP duplication upon the reception of a “CG type 2 activation command”. Upon the reception of the CG activation command, the UE does not only activate the indicated configured grant but also activates PDCP duplication for a RLC entity. The RLC entity, for which to be activated by the CG activation command, is configured by RRC, e.g., the logical channel config for the RLC entity contains a CG index. If this CG is activated, then this RLC entity for duplication is activated. See the below figure for an illustration:
[image: ]
The obvious benefit is that, for PDCP duplication, the gNB can optimally allocate radio resources that cater for the instantaneous channel condition when the UE enters the survival time. It does not either require gNB to pre-allocate resources and, subsequently, introduce spec changes and mandate a certain gNB resource allocation restriction. 
[bookmark: _Toc79084063]For CG activation-based triggering for survival time, the resources for PDCP duplication are allocated by the CG activation command and are adaptive to the channel conditions. 
Additionally, the retransmission grant is optional. Requiring a retransmission grant may be detrimental. Recall that, the PDB of the message is equal to the periodicity of the arrival traffic. Upon the entry of the survival time, there would be two messages to be transmitted, i.e., the failed message and the new message. The survival time requirement is only for the new message and the CG activation-based triggering offers the gNB the flexibility to not schedule a retransmission of the failed message but to focus on delivering the new message to fulfill the survival time, e.g., in the extreme case allocating all resources in one CC. 
There are some further questions/comments in [1] which we don’t fully agree. See our comments in the Section 5. 
From all the above discussions, we propose that
[bookmark: _Toc79084065]CG activation DCI command is used to trigger PDCP duplication (i.e., to trigger survival time state). 
3. Conclusion
In the previous sections we made the following observations: 
Observation 1	For re-tx grant based triggering for survival time state, the resources for PDCP duplication are pre-allocated. These resources are not adaptive to the channel conditions and, thus, may fail to meet the survival time requirement.
Observation 2	For CG activation-based triggering for survival time, the resources for PDCP duplication are allocated by the CG activation command and are adaptive to the channel conditions.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to focus on specification enhancements (if needed) on PDCP duplication when the UE enters the ST state.
Proposal 2	CG activation DCI command is used to trigger PDCP duplication (i.e., to trigger survival time state).
[bookmark: _In-sequence_SDU_delivery]
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5. Responses to the comments for P2 in [1] 
	Comments by other companies
	Ericsson’s response

	In Q3-1: “The solution addressed by Ericsson is similar to the “HARQ-NACK” based solution. gNB basically triggers fast PDCP duplication activation by signaling a retransmission grant respectively PDCCH CG activation. Therefore we don’t think that there is a difference in terms of CG resource allocation usage. In both schemes the CG resources which UE is supposed to used when PDCP duplication is enabled are preconfigured and explicitly enabled by gNB by means of L1 signalling, e.g. either retransmission grant or CG activation grant. In the solution proposed by Ericssson, some additional L1 signalling would be required, PDCCH based CG activation/deactivation is sent in addition to retransmission grant. “
	1. CG resources (except periodicity, CG index, HARQ process pool) are allocated by DCI. It simply follows what is possible in the CG activation command, like time/frequency resource allocation, MCS/TBS. For HARQ-NACK based solutions, all these resources must be pre-configured, see problems in Observation 1 
2. There is no need to transmit a retransmission grant, as there is no strict requirement that a message that triggers survival time needs to be delivered. Only the subsequent message needs to be delivered within the survival time. Thus, the re-transmission grant is optional. 

	In P8, “For relying on “CG activation grant”, it may cause that PDCP duplication cannot be activated in time as expected (or even no PDCP duplication at all if “CG activation grant”is lost), e.g., it has similar risk as gNB-based options.“
	The CG-retransmission grant in the solution 2.1 can be lost too.
UE knows in advance by RRC configuration that PDCP duplication might be activated so that it can prepare in advance, e.g., PDCP duplicate data may be pre-processed and kept ready for transmission for the potential CG activation. As a matter of fact, this is also required for retransmission grant based triggering. 

	In P8, “The CG activation grant method requires sending such activation grant for each CG configured to serve the RLC entity. Each such CG type 2 activation cmd will trigger a configured uplink grant confirmation, including a Multiple Entry Configured Grant Confirmation MAC CE. Such MAC CE will be multiplexed with the duplicated data in the next CG transmission, thus uselessly enlarging the payload.“
	It can be made configurable for this configured grant configuration NOT to trigger an activation confirmation. 
The activation confirmation is useful in the case that the UE may skip the initial transmission due to an empty buffer. Since it is for sure UE would transmit in the UL, there is technically no need for an activation confirmation. 

	In P8, “If it is felt needed that the configured CGs to be used for the duplicated legs should be deactivated outside ST, a similar implicit activation mechanism can be used with the retransmission grant approach where it is the duplication activation that implicitly triggers the associated CG activation, thus achieving the same behaviour without a need for a configured uplink grant confirmation.“
	To activate the CG, the UE needs to be aware of the resources to use for this CG, e.g., MCS, TBS, time/frequency domain resource allocation. It is not clear how to allocate the resource for the CG beyond the CG DCI activation command for CG-type 2.

	In P8, “It is also more logical that duplication activation triggers associated CG configuration(s) activation than the other way around, for example, a CC can be configured to be served by two CG configurations, and activating the duplication in that CC can implicitly activate both CGs. Note such “grouping” of the duplication activation and the CG type-2 activation into one single command could be beneficial to other duplication activation scenarios“
	In Ericsson’s view, it is not clear why the network would configure one CC to be served by two configured grants.
· From the majority view in the email discussion [1] for P5, it seems that there is no interest to consider the segmentation of messages into multiple TBs. 
· The periodicity is 0.5/1/2 ms and well aligned with existing CG periodicity.
Even if the case is valid, the network can transmit two CG activation commands instead. 

	In P8, “We see complications in “CG activation grant” option, for example, UE may not be monitoring the secondary CC to save power (dormancy issues) and the interaction between an L1 signal on secondary CC and duplication in primary CC may be unnecessarily complex to capture in MAC.”
	Both reTx grant-based triggering and CG activation-based triggering require UE to be ready to use PDCP duplication in the secondary CC. If the UE is in dormancy in the secondary CC, then it is not possible either to activate PDCP duplication with reTx grant-based triggering since network needs to activate that CC which introduces delay. 
For CG activation-based triggering, the L1 signal on the secondary CC is to activate the RLC entity for PDCP duplication in the secondary CC. It is indeed the case for reTx grant-based triggering approach, since it uses the DCI command (retx-grant) in one CC to activate PDCP duplication in another CC. 




	4/4	
image1.png
<

Z. Q
% %5,
G %%%
Resource pre-allocated X © B2
< e, %
‘©
2

®

RLC leg 2 for PDCP duplication I I I l
—_—

N Survival time
L

@ &
& Q@




image2.png
CG type 2 activation-
based triggering

RLC leg 1 for PDCP duplication

RLC leg 2 for PDCP duplication I I l l

y4>
& Survival time
o





