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1. Introduction
This paper discusses the reply LS [1] in which the below RAN1 agreements are included:
	· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG and there is no collision between PUCCH and the DG, the behaviour mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behaviour. 


This agreement has the relation to the other two LSes on UL PUSCH skipping [2][3].  In this paper, we focus on the case when intra-UE based prioritization is configured, i.e., LCH-based prioritization is configured and/or there are two PHY priorities. The case when intra-UE based prioritization is not configured (i.e., LCH-based prioritization is not configured and there is a single PHY priority for UL transmission) is discussed in the paper [4]. 
2. Discussion
[bookmark: _Hlk57108071]2.1 When LCH-based prioritization is not configured
In the companion paper [4], we propose that when LCH-based prioritization is not configured and there is a single PHY priority for UL transmission, as in Rel-16 spec, a dynamic grant always overrides a configured grant if they overlap in the same cell, in other words, the configured grant is skipped.  

The first question is about the case when LCH-based prioritization is not configured and overlapping UL transmissions have two PHY priorities. LCH-based prioritization is the one and the only one mechanism defined in RAN2 to prioritize between two grants within one UE. If the network has no intention of grant prioritizations, then it does not configure LCH-based prioritization. Consequently, the UE behaviors should follow what is specified in the existing MAC spec: if lch-basedPrioritization is not configured, for overlapping DG/CG of different (or same) PHY priority, DG is always prioritized over CG, the CG PUSCH is discarded and does not participate in subsequent physical layer procedure. 
On the other hand, the other solution is to consider PHY priority in the MAC grant prioritization procedure, but RAN2 has never explicitly considered this in the Rel-16 discussion. If we do so, it may lead to an overhaul of the grant prioritization in terms of the PHY-defined procedure and MAC-defined procedure. As it is now the stable phase for Rel-16 correction, we don’t believe this discussion is justified nor is it an essential correction. In conclusion, we propose that 
Proposal 1	When LCH-based prioritization is not configured and there are two PHY priorities for overlapping UL transmissions, no MAC spec change is needed, i.e., DG always overrides CG.
2.2 When LCH-based prioritization is configured
For the case when LCH-based prioritization is configured, RAN1 is still discussing the related PHY layer behavior, see below. 
	When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behaviour. 


In the RAN1 discussion, there are unclarities on MAC specification interpretation and some questions were raised in the draft LS but not included in the final version due to lack of consensus. In this subsection, we provide our views to these questions. 

The issue is that on one hand, there is a new “requirement” (due to UL skipping discussion in Rel-16) that MAC needs to ensure that a TB is generated for the grant which is expected to have UCI multiplexed; on the other hand, if there are two overlapping grants, one grant has to be prioritized in intra-UE prioritization scheme using LCH-based prioritization, and the de-prioritized grant is discarded without MAC generating any transport block. The question is which rule takes precedence, e.g., can a grant with UCI to be multiplexed be de-prioritized by LCH-based prioritization and thus has no transport block?
Observation 1	The unresolved question is which rule takes precedence, the UL-skipping conditions related with UCI or the LCH-based grant prioritization. 
The Rel-16 MAC specification follows the below flowchart (Figure 1) on deciding if a MAC PDU be built for a grant. According to the current MAC specification, there are several situations in which the MAC may not deliver a MAC PDU. Two observations:
1. The UL skipping checking is the last step in the MAC specification and MAC PDU is not built for “deprioritized grants”.
2. The first step is introduced in Rel-16, i.e., “can grant be transmitted by lower layer?”, to accommodate PHY restrictions, including the case that this uplink grant has a low PHY-priority index and the overlapping uplink-grant/SR have a high PHY-priority index, the case that the overlapping grant has already been processed (due to that cancellation of ongoing transmission is only supported in CG-CG collision at PHY), the case that this uplink grant has a low PHY-priority index and the overlapping PUCCH (e.g., HARQ ACK) has a high PHY-priority index, and etc. 
[image: ]
[bookmark: _Ref61256983]Figure 1 MAC PDU skipping procedure in 38.321
From the above figure, one can argue that there is a specific order in which LCH-based comparison comes before the UL skipping-related checking.  If this procedure is to be followed, LCH-based prioritization takes precedence over the UL skipping-related checking (UCI-related). In other words, a grant with expected UCI multiplexed can de-prioritized by LCH-based prioritization and it has no transport block delivered to PHY.
However, there is no limitation (specification-wise) that MAC spec cannot achieve the other order, e.g., it can be clarified the grant that is to have UCI multiplexed is assigned the highest LCH priority. In this way, the UL skipping-related checking related with UCI comes before LCH-based comparison.  In other words, UL skipping-related checking (UCI-related) takes precedence over LCH-based prioritization. A grant with expected UCI multiplexed cannot de-prioritized by LCH-based prioritization and a transport block is always generated and delivered to PHY. One example of the text proposal is to add the below underlined sentence in clause 5.4.1. 
	For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR. The priority of an uplink grant for which there is UCI to be multiplexed is higher than the priority of any uplink grant which does not have UCI to be multiplexed. 


Observation 2	The MAC spec can support that the UL-skipping condition related with UCI takes precedence over the LCH-based grant prioritization. 
Since the MAC spec can support either precedence order, we believe that the discussion should focus on which order is the most useful one. If a UCI-to-be-multiplexed grant can be skipped, then gNB must blind-decode two hypotheses in each serving cell, i.e., one hypothesis is that UCI is multiplexed on PUSCH and another hypothesis is that the UCI is not multiplexed on PUSCH and then subsequently might be multiplexed on another PUSCH in another cell. This latter multiplexing procedure to another cell is the legacy PHY procedure. Blinding-decoding PUSCH is considerably more challenging than PUCCH and this is further complicated if there are multiple serving cells for a UE. 
In the below example of two cells, it is assumed that the PUCCH is multiplexed on CG PUSCH1 if both CG PUSCH1 and CG PUSCH2 have TBs delivered from the MAC layer. If LCH-based grant prioritization takes precedence, then the network must perform the two hypothesis testing, since PUCCH would be multiplexed on CG PUSCH2 if CG PUSCH1 has no data (testing 1). On the other hand, if the UCI-skipping condition related with UCI takes precedence, network does not need to consider this testing 1.
[bookmark: _Ref61510637]Table 1 Hypothesis testing if LCH-based prioritization takes precedence
	Hypothesis testing 1 
(no need if UCI-skipping on UCI condition takes precedence)
	Hypothesis testing 2
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Therefore, we propose 
Proposal 2	The UL-skipping condition related with UCI takes precedence over the LCH-based grant prioritization. 
The spec change is simply to add the text in the below proposal in the MAC spec, see Section 5 on TP. 
Proposal 3	The priority of an uplink grant for which there is UCI to be multiplexed is higher than the priority of any uplink grant which does not have UCI to be multiplexed. 
By these proposals, the grant with UCI-to-be-multiplexed is prioritized even if there is no data in the buffer for this grant. For this grant, dummy data is generated and the same change as in the other discussion without intra-UE prioritization [4] is needed. This is copied in the TP for easy reference. See below figure for an illustration. 
[image: ]
Furthermore, if both uplink grants have UCI to be multiplexed, then their priorities are the same. In such a case, the procedure of the legacy text follows, i.e., DG overrides CG and up-to UE implementation to choose between overlapping CGs.  See below figure as an illustration. Note that there is no blind-decoding requirement at the network side. For DG/CG case, network is sure that CG PUSCH is skipped and PUCCH will not be multiplexed on the CG, compared to the case in Table 1 in which whether PUSCH is skipped is not known at the gNB, as it depends on UE data buffer. For CG/CG case, network has the flexibility to send an overlapping dynamic grant over these two configured grants and the PUCCHs so that the configured grants are deprioritized and gNB is certain that where the UCI/PUCCH ends up. 
[image: ]
3. Conclusion
In the previous section, we made the following proposals:
Proposal 1	When LCH-based prioritization is not configured and there are two PHY priorities for overlapping UL transmissions, no MAC spec change is needed, i.e., DG always overrides CG.
Proposal 2	The UL-skipping condition related with UCI takes precedence over the LCH-based grant prioritization. 
Proposal 3	The priority of an uplink grant for which there is UCI to be multiplexed is higher than the priority of any uplink grant which does not have UCI to be multiplexed. 
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5. TP for 38.321
[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc60791755]5.4.1	UL Grant reception
For the MAC entity configured with lch-basedPrioritization, if the corresponding PUSCH transmission of a configured uplink grant is cancelled by CI-RNTI as specified in clause 11.2A of TS 38.213 [6] or cancelled by a high PHY-priority PUCCH transmission as specified in clause 9 of TS 38.213 [6], this configured uplink grant is considered as a de-prioritized uplink grant. If this deprioritized uplink grant is configured with autonomousTx, the configuredGrantTimer for the corresponding HARQ process of this de-prioritized uplink grant shall be stopped if it is running. The priority of an uplink grant for which there is UCI to be multiplexed is higher than the priority of any uplink grant which does not have UCI to be multiplexed. 

[bookmark: _Toc29239842][bookmark: _Toc37296201][bookmark: _Toc46490327][bookmark: _Toc52752022][bookmark: _Toc52796484][bookmark: _Toc60791763]5.4.3.1.3	Allocation of resources
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR; and .
-	if either one of the following the conditions is true: 
-	the grant indicated to the HARQ entity was addressed to a C-RNTI and the MAC entity is configured with skipUplinkTxDynamic with value true; or	Comment by Ericsson: This part covers the legacy condition
- the grant indicated to the HARQ entity is a configured uplink grant and the MAC entity is not configured with skipUplinkTx-r16; or
-	the grant indicated to the HARQ entity was addressed to a C-RNTI or a configured uplink grant, and the MAC entity is configured with skipUplinkTx-r16 with value true, and there is no UCI to be multiplexed on the PUSCH transmission of this grant.	Comment by Ericsson: This part covers the new condition on uplink skipping with UCI
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