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Introduction
[bookmark: _Toc524946176]As discussed in the work item description [1], intra-UE conflicts between grants should be handled.

	2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].



One of the conflict cases is that there is already configured grant with data ready to be sent on it, then the UE receives another grant to send its newly arrived data on it. In this paper, we address the case where the multiplexing rules in MAC decides that the later grant must be prioritized over the existing one, for which it has already assembled a MAC PDU and sent it to PHY. We specifically address the UE handling such prioritization operation if the de-prioritized grant is a configured grant. In this paper, we base our thinking on the previous meetings, i.e., RAN2: #106, #107bis, #108 meeting agreements, in addition to the editor’s notes running CRs [2],[3], i.e.,

	RAN2#106
· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 

RAN2#107bis
We don’t do the solution where the UE indicate explicitly to the network that there is data for a deprioritized PDU
There is support to have “UE autonomous retransmission in a CG resource”. Allow checking of complexity to next meeting.

RAN2#108

The TPs can work, as baseline (maybe some details to fix)
UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration).
The new CG uses the same HARQ process as the deprioritized CG.
The Aut (re-) transmission feature is optional

The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something). 
UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction. 


Editor’s Notes in MAC running CR:
Editor’s Note:	UE autonomous retransmission using the same HARQ process for the different CG configuration is FFS.
Editor’s Note:	In case that retransmission grant for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, whether UE performs the autonomos retransmission in the subsequent configured grant is FFS. This running CR assumes that UE does not perform the autonomous retransmission in this case.
Editor’s Note:	Whether this MAC CR needs to capture something to reflect a RAN2#108 agreement “The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something)” is FFS.



In this paper, we discuss remaining issues on handling of a de-prioritized MAC PDU. 
Discussion
On different CG configurations 
In RAN2#108 and the MAC running CR [3] the following has been stated:
	UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration).
Editor’s Note:	UE autonomous retransmission using the same HARQ process for the different CG configuration is FFS.



Autonomous UE transmission on different CG configurations means transmitting the de-prioritized PDU on a CG with different index, i.e. configuredGrantConfigIndex-r16 as endorsed in the RRC running CR [2], than that of the de-prioritized CG index. Such scenario might lead to:
1. The new configuration might have a different TBS and coding rate, than the de-prioritized PDU, which result in trying to send a PDU on a non-suitable TBS.
2. The new CG configuration index might have a different CG HARQ-ID. This is due to the newly endorsed harq offset for CG configuration in the multiple simultaneous CG configurations, i.e., harq-ProcID-Offset-r16. 
	configuredGrantConfigIndex-r16          ConfiguredGrantConfigIndex-r16                                    OPTIONAL,   -- Need M
configuredGrantConfigIndexMAC-r16      ConfiguredGrantConfigIndexMAC-r16                                 OPTIONAL,   -- Need M
harq-ProcID-Offset-r16                   INTEGER (0..15)                                                       OPTIONAL,   -- Need M
periodicityExt-r16                        INTEGER (1..5120)                                                    OPTIONAL,   -- Need M
startingFromRV0-r16                       ENUMERATED {on,off}                                                 OPTIONAL,   -- Need M
priorityLevel-r16                         ENUMERATED {p0, p1}                                                 OPTIONAL    -- Need M



In RAN2#108, it is agreed to allow UE autonomous transmission only on the CG occasion with the same HARQ-ID (copied below).
	The new CG uses the same HARQ process as the deprioritized CG.


Based on the above discussion, it is clear that for different CG configuration, the deprioritized MAC PDU has to be sent on the same HARQ process and so in the MAC running CR, the FFS is more specific on the support of UE autonomous retransmission using the same HARQ process for the different CG configuration.
[bookmark: _Toc32407034][bookmark: _Toc32407104][bookmark: _Toc32407234][bookmark: _Toc32407262][bookmark: _Toc32513687]UE autonomous transmission on different HARQ-ID is not allowed.

Based on the endorsed RRC parameters, each CG configuration with a different index has a different HARQ offset. This is considered in the CG configuration HARQ-ID calculation as endorsed in the running MAC CR [3],
	For configured uplink grants with harq-procID-offset, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.


In addition, in the LS from RAN2 to RAN1 [6], it is indicated that the motivation for the process ID offset as follows:
RAN2 would like to stress that the motivation to have an HARQ process ID offset for each configuration is to have a separate and non-overlapping HARQ process pool for each configuration when multiple UL CG or DL SPS configurations are configured.
[bookmark: _Toc31873002][bookmark: _Toc32407035][bookmark: _Toc32407105][bookmark: _Toc32407235][bookmark: _Toc32407263][bookmark: _Toc32513688]Based on the endorsed harq-procID-offset, different CG configuration index will lead to CG with different HARQ-ID
[bookmark: _Toc31873003]Thus, we propose that 
[bookmark: _Toc20144331][bookmark: _Toc20144682][bookmark: _Toc20144754][bookmark: _Toc21012043][bookmark: _Toc21012047][bookmark: _Toc21012051][bookmark: _Toc23705108][bookmark: _Toc23705266][bookmark: _Toc24040768][bookmark: _Toc31872996][bookmark: _Toc31873010][bookmark: _Toc32407041][bookmark: _Toc32407111][bookmark: _Toc32407241][bookmark: _Toc32407269][bookmark: _Toc32513694]UE autonomous transmission of a de-prioritized PDU on different CG configuration is not supported.

On Time Restriction
Now we discuss another issue related to time restriction for UE autonomous transmission, as described in RAN2#108 agreement:
	UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction.



This agreement states that if the network has sent a dynamic retransmission grant for the de-prioritized PDU, it is not permitted for the UE to autonomously transmit the de-prioritized PDU over the next CG occasion. However, the ‘FFS’ poses the following question: Should RAN2 consider timing restriction for the case where the UE receive the retransmission DCI from the network after finishing the autonomous retransmission preparation for sending de-prioritized PDU on the near CG occasion? 
It is described in RAN1 specification, TS 38.214, that there is at least N2 symbols between the end of a PDCCH scheduling a PUSCH (e.g., for retransmission) with a certain HARQ ID and the closest CG after the PDCCH using the same HARQ ID.
	In 38.214 section 6.1:
A UE is not expected to be scheduled by a PDCCH ending in symbol 𝑖 to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol 𝑗 after symbol 𝑖, and if the gap between the end of PDCCH and the beginning of symbol 𝑗 is less than 𝑁2 symbols. The value 𝑁2 in symbols is determined according to the UE processing capability defined in Subclause 6.4, and 𝑁2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.



[bookmark: _Toc31873004][bookmark: _Toc32407036][bookmark: _Toc32407106][bookmark: _Toc32407236][bookmark: _Toc32407264][bookmark: _Toc16614309][bookmark: _Toc16669126][bookmark: _Toc16686931][bookmark: _Toc20226120][bookmark: _Toc20930364][bookmark: _Toc23936849][bookmark: _Toc24039034][bookmark: _Toc24039156][bookmark: _Toc24039204][bookmark: _Toc24039224][bookmark: _Toc24039257][bookmark: _Toc24039271][bookmark: _Toc24039288][bookmark: _Toc24039384][bookmark: _Toc24039699][bookmark: _Toc24045097][bookmark: _Toc24045261][bookmark: _Toc24045296][bookmark: _Toc32513689]Based on 38.214, section 6.1, there are at least N2 symbols between the end of a PDCCH scheduling a PUSCH (e.g., for retransmission) with a certain HARQ ID and the closest CG after the PDCCH using the same HARQ ID.
[bookmark: _Toc31873005][bookmark: _Toc32407037][bookmark: _Toc32407107][bookmark: _Toc32407237][bookmark: _Toc32407265][bookmark: _Toc32513690]UE autonomous transmission preparation should not start before N2 symbol of CG occasion with the same HARQ-ID of the de-prioritized occasion.

Based on the above discussion, it is clear that gNB will not send a scheduling DCI for retransmission after the UE start autonomous retransmission preparation. Hence, there is no need for RAN2 to discuss any further time restriction, for DCI reception and UE autonomous transmission on CG, other than those described in RAN1 specification.
[bookmark: _Toc32407042][bookmark: _Toc32407112][bookmark: _Toc32407242][bookmark: _Toc32407270][bookmark: _Toc32513695]RAN2 is not to specify time restriction related to late DCI in the context of UE autonomous retransmission, because RAN1 specification already covered this issue.

Autonomous Retransmission De-prioritized Re-transmission
This issue has been described in the following Editor note of the running MAC CR[3]:
	Editor’s Note:	In case that retransmission grant for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, whether UE performs the autonomos retransmission in the subsequent configured grant is FFS. This running CR assumes that UE does not perform the autonomous retransmission in this case.



Before addressing this issue, we should recall our assumption on the re-transmission addressed to CS-RNTI being considered as a dynamic grant (not CG), as argued in [4]. In short, this assumption is due to the fact that the characteristics of the retransmission is under the control of gNB, hence it should be considered as a dynamic grant.
[bookmark: _Toc31873006][bookmark: _Toc32407038][bookmark: _Toc32407108][bookmark: _Toc32407238][bookmark: _Toc32407266][bookmark: _Toc32513691]The characteristics of the retransmission grant for a deprioritized configured grant is under the control of gNB, hence it should be considered as a dynamic grant.
[bookmark: _Toc16614310][bookmark: _Toc16669127][bookmark: _Toc16686932][bookmark: _Toc20226121][bookmark: _Toc20930365][bookmark: _Toc23936850][bookmark: _Toc24039035][bookmark: _Toc24039157][bookmark: _Toc24039205][bookmark: _Toc24039225][bookmark: _Toc24039258][bookmark: _Toc24039272][bookmark: _Toc24039289][bookmark: _Toc24039385][bookmark: _Toc24039700][bookmark: _Toc24045098][bookmark: _Toc24045262][bookmark: _Toc24045297]Since the retransmission is considered as a DG, hence a de-prioritized retransmission should be considered as a de-prioritized DG. That is, the network handles the de-prioritized retransmission by allocating another retransmission occasion, since it already knows about it. Therefore, UE is not allowed to perform autonomous retransmission for a de-prioritized retransmission.
[bookmark: _Toc31872998][bookmark: _Toc31873012][bookmark: _Toc32407043][bookmark: _Toc32407113][bookmark: _Toc32407243][bookmark: _Toc32407271][bookmark: _Toc32513696]Confirm, as in the MAC Running CR, that UE is not allowed to perform autonomous retransmission of a retransmission dynamic grant for a de-prioritized configured grant.

Processing Time limitation for Very short CG periodicity.
Now, we address the following Editor note:
	Editor’s Note:	Whether this MAC CR needs to capture something to reflect a RAN2#108 agreement “The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something)” is FFS.


Based on the configuredGrantTimer functionality, and the formula that decide HARQ-ID for each CG configuration and offset, 
	For configured uplink grants with harq-procID-offset, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.


gNB can allocate those parameters: 1) nrofHARQ-Processes, 2) harq-procID-offset, and 3) configuredGrantTimer, to avoid having consecutive CG occasion, with the same HARQ-ID and very tight processing time, where a UE cannot handle a transmission.
[bookmark: _Toc32407039][bookmark: _Toc32407109][bookmark: _Toc32407239][bookmark: _Toc32407267][bookmark: _Toc32513692]Proper network configuration can avoid the case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur.
[bookmark: _Toc31873000][bookmark: _Toc31873014][bookmark: _Toc32407044][bookmark: _Toc32407114][bookmark: _Toc32407244][bookmark: _Toc32407272][bookmark: _Toc32513697]Leave the timeline limitation of processing for next CG with the same HARQ-ID up to implementation.

Issues on retransmission grant to an empty buffer
It is further argued in [5] that there can be spectral inefficiency in some corner cases. The case is when the UE does not transmit anything on the configured grant and thus, the HARQ buffer for that configured grant transmission is empty when the retransmission grant is received. According to the current spec, the UE shall ignore this uplink grant, see below in clause 5.4.2.1 of TS 38.321,
	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 empty; or
3>	if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or
3>	if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:
4>	ignore the uplink grant.


Ideally, the UE should be able to obtain the MAC PDU from the multiplexing and assembly entity if possible, i.e., UE MAC behaviour upon reception of CG is changed to be similar to that of retransmission of DG, see below,
	1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
……………………………..
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
………………………………
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;


In [5], it is proposed to allow the UE to use the retransmission grant (sent by the gNB due to a de-prioritization of CG) for a new transmission if the associated HARQ ID buffer is empty. 
However, this change of behaviour would cause problem in soft-combining at the gNB. If UE transmits new data in the retransmission grant, gNB is not aware of that and might consider this as a retransmission and, hence, soft-combines the buffer from the previous transmission (which is noise but identified as the attempted transmission) and the new transmission. This will highly likely result in an unsuccessful decoding. 
This behaviour of ignoring the uplink grant was introduced in LTE rel-14, when the feature that UE can skip the transmission on the configured grant when the buffer is empty is introduced. gNB needs to continuously check if there might be a transmission from the UE at the configured grant and can mis-detect the noise as an attempted transmission. On the other hand, for dynamic grant, there is no problem since the UE has to transmit a padding if the buffer is empty. 
As discussed in the first part of the section, this is a corner case and the introduced feature in [5] would not be compatible with the legacy operation. Thus, we believe there is no need to change the feature of ignoring retransmission configured grant with an empty buffer. 
[bookmark: _Toc24039036][bookmark: _Toc24039158][bookmark: _Toc24039206][bookmark: _Toc24039226][bookmark: _Toc24039259][bookmark: _Toc24039273][bookmark: _Toc24039290][bookmark: _Toc24039386][bookmark: _Toc24039701][bookmark: _Toc24045099][bookmark: _Toc24045263][bookmark: _Toc24045298][bookmark: _Toc31873007][bookmark: _Toc32407040][bookmark: _Toc32407110][bookmark: _Toc32407240][bookmark: _Toc32407268][bookmark: _Toc32513693]There is no need to change UE behaviour for retransmission of configured grant when the HARQ buffer is empty. 

Conclusion
The following observations have been made:
Observation 1	UE autonomous transmission on different HARQ-ID is not allowed.
Observation 2	Based on the endorsed harq-procID-offset, different CG configuration index will lead to CG with different HARQ-ID
Observation 3	Based on 38.214, section 6.1, there are at least N2 symbols between the end of a PDCCH scheduling a PUSCH (e.g., for retransmission) with a certain HARQ ID and the closest CG after the PDCCH using the same HARQ ID.
Observation 4	UE autonomous transmission preparation should not start before N2 symbol of CG occasion with the same HARQ-ID of the de-prioritized occasion.
Observation 5	The characteristics of the retransmission grant for a deprioritized configured grant is under the control of gNB, hence it should be considered as a dynamic grant.
Observation 6	Proper network configuration can avoid the case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur.
Observation 7	There is no need to change UE behaviour for retransmission of configured grant when the HARQ buffer is empty.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	UE autonomous transmission of a de-prioritized PDU on different CG configuration is not supported.
Proposal 2	RAN2 is not to specify time restriction related to late DCI in the context of UE autonomous retransmission, because RAN1 specification already covered this issue.
[bookmark: _GoBack]Proposal 3	Confirm, as in the MAC Running CR, that UE is not allowed to perform autonomous retransmission of a retransmission dynamic grant for a de-prioritized configured grant.
Proposal 4	Leave the timeline limitation of processing for next CG with the same HARQ-ID up to implementation.
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