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1 
Introduction
To support survival time, RAN2 is currently discussing how to activate PDCP Duplication based on retransmission grant. In this contribution, we further visit the remaining aspects.
2
Discussion
2.1 Further aspects of using Retransmission grant as ST state trigger
In NR-U, the UE transmits CG-UCI to indicate the HARQ process ID used for uplink transmission. If the network does not decode the CG-UCI successfully, the network does not know what HARQ process is used for uplink transmission. Accordingly, the network may not be able to provide a dynamic grant for retransmission properly. That is the reason why the autonomous retransmission based on cg-RetransmissionTimer has been introduced in NR-U.

In Rel-17, IIOT traffic can be served on unlicensed spectrum. To satisfy the survival time requirement, RAN2 decided to activate a PDCP Duplication based on the retransmission grant. However, it is still questionable how the retransmission grant works when the transmission on unlicensed spectrum fails including CG-UCI. One may argue that RAN2 decided not to optimize survival time mechanism for unlicensed spectrum. However, it needs to be understood how it works even in a non-optimal way. 
In unlicensed spectrum, as the network may not know which HARQ process has been used for the uplink transmission when it fails to decode the CG-UCI, one option would be to provide retransmission grants to all possible HARQ processes. The UE, by receiving retransmission grants to multiple HARQ processes, would activate PDCP Duplication for an RB unnecessarily. 
For example, the UE performs uplink transmission for an RB on a CG by using HPID1. When the transmission fails, the network may provide retransmission grants to HPID1 and 2 if both HPs are associated to the CG. However, if HPID1 or 2 is shared by other CG, which is mapped to different set of RBs, the UE may activate PDCP Duplication for all RBs associated with each CG. It is certainly waste of uplink resource because the PDCP PDU is unnecessarily duplicated even when the ST state needs to be triggered for some RBs. In addition, it requires further handling of PDCP Duplication deactivation of an RB, for which PDCP Duplication is unnecessarily activated. It costs the signaling overhead.
Observation 1. In unlicensed spectrum, the network may need to provide retransmission grant for all possible HARQ processes in order to activate a PDCP Duplication of an RB, which results in unnecessary activations of PDCP Duplication and waste of uplink resource.

In order to avoid such unnecessary duplication and waste of uplink resource, the network may assign only a small number, e.g., 1, of HARQ process for a CG and not share it with other CG associated with different set of RBs. In this way, the network is able to provide a retransmission grant only for a concerned HARQ process and activate PDCP Duplication only for a concerned RB. This is of course a restriction in the network side and leads to low flexibility in use of CG resources.
Observation 2. In unlicensed spectrum, in order to avoid unnecessary duplication and waste of uplink resource, it is desirable that only a small number of HARQ processes are assigned to a CG and HARQ processes are not shared with other CGs which are mapped to different set of RBs.

Proposal 1. RAN2 needs to discuss, to have a common understanding, how the retransmission grant is provided for ST state trigger of an RB on unlicensed spectrum given that CG-UCI may not be successfully decoded at the gNB side.
When using the retransmission grant to activate PDCP Duplication, there is another aspect to consider.
Until Rel-16, PDCP Duplication is activated only by Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE. These MAC CEs are received in PDSCH scheduled via PDCCH. Reception of these MAC CEs do not impact to the operation of the configuredGrantTimer because configuredGrantTimer is not started by PDCCH for DL transmission.
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Figure 1. PDCP Duplication is activated by PDCP Duplication MAC CE

However, if retransmission grant is used for PDCP Duplication activation, the configuredGrantTimer is started upon reception of the grant and restarted upon retransmission. Unlike activation by PDCP Duplication MAC CE, the configuredGrantTimer would be running for the next CG opportunity associated with the HARQ process. 
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Figure 2. PDCP Duplication is activated by retransmission grant

Consequently, the next CG opportunity would not be used. Given that the intention was to transmit a duplicate PDCP PDU from the right next CG opportunity to cope with ST state, it may be problematic unless a CG opportunity using another HARQ process is available, i.e., a HARQ process for which the configuredGrantTimer is not running. Otherwise, the duplicate PDCP PDU can only be transmitted after the expiry of the configuredGrantTimer, which may violate ST requirement in the end. 
Observation 3. When the UE receives a retransmission grant for activation of PDCP Duplication, the configuredGrantTimer would be running at the next CG occasion for the HARQ process, which prevents use of that CG. It may hinder immediate transmission of duplicate PDCP PDU.
Proposal 2. RAN2 confirms that the next CG opportunity associated with a HARQ process, for which the retransmission grant is received for PDCP Duplication activation, cannot not be used for duplicate packet transmission (i.e., new transmission) due to that configuredGrantTimer is running for the HARQ process.

The only way to stop the running configuredGrantTimer is to receive an ACK or overriding dynamic grant. However, given that the periodicity of CG is likely to be very short for ST mechanism, it may not be possible to take all actions, i.e., retransmission grant for PDCP Duplication activation and ACK/new transmission grant for overriding CG, within such a short duration.
Proposal 3. RAN2 needs to discuss the impact of retransmission grant based PDCP Duplication activation to the operation of configuredGrantTimer. 
2.2 Remaining issues of [Post115-e][513][IIOT] email discussion
Issue 1. Fixed N =1 or N larger than 1 for N HARQ-NACKs as Survival Time state trigger (Proposal 5)

It was suggested to allow ST state trigger based on consecutive HARQ-NACKs, i.e., N>1. As RAN2 is currently focusing on retransmission grant as an implicit HARQ-NACK, it implies that the UE triggers a ST state for an RB if retransmission grant is received multiple times consecutively.
From specification perspective, it needs more complicated handling including counter operation. Also a timer may be needed, which is similar to beamFailureDetectionTimer, in order to check the continuity of received retransmission grant. This counter and/or the timer would be per HARQ process, per CG, or per RB/Logical channel, which may complicate the operation of ST trigger and need more time to discuss. In the meanwhile, RAN2 is currently focusing on short ST. With a short ST, N=1 would be sufficient. If ST is longer, the network has sufficient time to activate PDCP Duplication by PDCP Duplication MAC CE and not by retransmission grant. Thus, it seems not critical to support N>1 for now.
Observation 4. Support of N>1 for ST state trigger is not essential while it needs further discussion whether it is configured per HARQ process/CG/RB, how the counter/timer operates, and how to specify, which may not be finalized during Rel-17 timeline.
Proposal 4. N is fixed to 1 for triggering ST state.
Issue 2. How does UE identify the corresponding DRB that should enter ST state (Proposal 2. 11/19)
So far, RAN2 has not agreed what RBs should enter ST state when the UE receives a retransmission grant for a HARQ process. There are two options:

· Option 1. All of the RBs mapped to the CG for which the retransmission grant is received.

· Option 2. Only the RBs included in the MAC PDU transmitted on the CG for which the retransmission grant is received.

The current TP for baseline CR for ST state operation (in [Post115-e][513][IIOT]) seems to be based on Option 2.
	2>
else (i.e. retransmission):

3>
if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is not empty:
4>
if the MAC PDU stored in the HARQ buffer contains data from DRB(s) configured with SurvivalTimeSupport:
5>
indicate entry into Survival Time state to upper layers for each DRB.


However, the network does not know which RBs are included in the MAC PDU. Therefore, the network cannot know which RBs the PDCP Duplication is activated for. Also this requires the UE to look at the content of the MAC PDU whenever it receives a retransmission grant for the un-empty HARQ buffer and further check the configuration of SurvivalTimeSupport of an RB, which increases the UE complexity.

There is already a mapping between a CG and a logical channel, and the logical channel is associated with a RB, which are all configured by the network. Therefore, option 1 allows the network to know the exact RBs for which the PDCP duplication is activated and brings only a little more effort to the UE as well. Therefore, option 1 is preferred. 
In the meanwhile, we may need another RRC parameter, e.g., Retx-PDCPDuplicationOn, in addition to the SurvivalTimeSupport. The SurvivalTimeSupport is a parameter to be configured for an RB to trigger ST state only for those RBs. In the meanwhile, Retx-PDCPDuplicationOn is a parameter to be configured for a MAC entity to indicate whether the retransmission grant can be used for ST trigger or not. Otherwise, the MAC entities would always consider the retransmission grant is for trigger of a ST state uselessly even though there is no RB configured with SurvivalTimeSupport or SurvivalTimeSupport is not supported.
Proposal 5. Introduce an RRC parameter, e.g., Retx-PDCPDuplicationOn, in order to indicate that the MAC entity uses the retransmission grant as a ST state trigger.

Proposal 6. When the retransmission grant is received on a HARQ process, PDCP Duplication is activated for all DRBs associated with the CG used for the transmission on the identified HARQ process 
Option 1 can be incorporated in the specification as follows:

	2>
else (i.e. retransmission):
3>
if MAC entity is configured with Retx-PDCPDuplicationOn; and 
3>
if the uplink received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is not empty:

4> indicate entry into Survival Time state to upper layers for all logical channels allowed to be transmitted on a configured grant according to allowedCG-List, of which the transmission was performed by the identified HARQ process.


Issue 3. Upon entry of ST state for an RB, which RLC entities are activated?

· Option 1.  Activate all configured legs, following entry into Survival Time state, 
· Option 2. Network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly.

In RAN2#115, RAN2 has agreed that

3. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  

In PDCP Duplication, maximum 4 RLC entities can be configured for an RB and each corresponding logical channel is associated with different cells in order to avoid to be multiplexed in to the same MAC PDU. Accordingly, each of duplicate packet would experience different radio condition on different cells.
For an RB configured with ST requirement, PDCP Duplication may already be activated in order to guarantee the successful transmission. Given that bad radio condition is one of key reason of transmission failure, activating all RLC entities including the already activated RLC entities may not be necessary because the already activated RLC legs may suffer from bad radio condition continuously. In this case, it would be more beneficial to switch to another set of RLC entities for PDCP Duplication because they would experience different radio condition on different cells. It would increase the possibility of successful transmission even without increasing the number of activated RLC entities. In this regards, it should be possible to configure different sets of RLC entities, one of which is used in ST state and the other is used out of ST state. 

Observation 5. RLC entities of an RB is mapped to different cells for PDCP Duplication, which means duplicate PDCP PDUs experience different radio condition on different cells. Therefore, it is beneficial to switch to another set of RLC entities in ST state to cope with bad radio condition before ST state.
In addition, from resource efficiency perspective, the network may want to limit the maximum number of activated RLC entities depending on radio resource situation. If the network wants to limit the maximum number of activated RLC entities to 2 and PDCP Duplication is already activated for an RB, it is not possible to boost the reliability in ST state. This is not desirable considering that PDCP Duplication can be used even without entering into ST state and resource efficiency becomes more important in this case. 
Observation 6. PDCP Duplication may already be activated for an RB with ST requirement while the maximum number of activated RLC entities may need to be limited from resource management perspective. 
Therefore, we think it is reasonable and logical to go for option 2, i.e., the network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly
Proposal 7. The network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly.

During the e-mail discussion, an issue was raised what if all the RLC entities are already activated for PDCP Duplication before entering into ST state. We think Proposal 7 does not make the issue at all because network will properly configure a set of RLC entities to be used in ST state, which is different from the set of RLC entities to be used outside ST state.
3
Conclusion


In this contribution, we discussed the remaining issue in support of ST requirement. Observations and proposals are below:
Observation 1. In unlicensed spectrum, the network may need to provide retransmission grant for all possible HARQ processes in order to activate a PDCP Duplication of an RB, which results in unnecessary activations of PDCP Duplication and waste of uplink resource.

Observation 2. In unlicensed spectrum, in order to avoid unnecessary duplication and waste of uplink resource, it is desirable that only a small number of HARQ process is assigned to a CG and HARQ processes are not shared with other CGs which are mapped to different set of RBs.

Observation 3. When the UE receives a retransmission grant for activation of PDCP Duplication, the configuredGrantTimer would be running at the next CG occasion for the HARQ process, which prevents use of that CG. It may hinder immediate transmission of duplicate PDCP PDU.

Observation 4. Support of N>1 for ST state trigger is not essential while it needs further discussion whether it is configured per HARQ process/CG/RB, how the counter/timer operates, and how to specify, which may not be finalized during Rel-17 timeline.
Observation 5. RLC entities of an RB is mapped to different cells for PDCP Duplication, which means duplicate PDCP PDUs experience different radio condition on different cells. Therefore, it is beneficial to switch to another set of RLC entities in ST state to cope with bad radio condition before ST state.
Observation 6. PDCP Duplication may already be activated for an RB with ST requirement while the maximum number of activated RLC entities may need to be limited from resource management perspective. 
Proposal 1. RAN2 needs to discuss, to have a common understanding, how the retransmission grant is provided for ST state trigger of an RB on unlicensed spectrum given that CG-UCI may not be successfully decoded at the gNB side.
Proposal 2. RAN2 confirms that the next CG opportunity associated with a HARQ process, for which the retransmission grant is received for PDCP Duplication activation, cannot not be used for duplicate packet transmission (i.e., new transmission) due to that configuredGrantTimer is running for the HARQ process.

Proposal 3. RAN2 needs to discuss the impact of retransmission grant based PDCP Duplication activation to the operation of configuredGrantTimer. 
Proposal 4. N is fixed to 1 for triggering ST state.

Proposal 5. Introduce a RRC parameter, e.g., Retx-PDCPDuplicationOn, in order to indicate whether the MAC entity uses the retransmission grant as a ST state trigger.

Proposal 6. When the retransmission grant is received on a HARQ process, PDCP Duplication is activated for all DRBs associated with the CG used for the transmission on the identified HARQ process 
Proposal 7. The network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly.
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