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1
Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for Rel-16:

	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].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].


As highlighted above, one key objective for RAN2 is to specify the enhancements resolving resource collision between SR triggered by high priority LCHs and data transmission pertaining to lower-priority traffics. This contribution aims to provide our views on how such issue should be handled by the MAC layer. 

2
Discussion

In NR, the MAC entity can be configured with multiple SR configurations, where each SR configuration corresponds to a set of PUCCH resource where the SR triggered by the corresponding LCH can be transmitted. However, in Rel-15, when the a PUCCH resource for SR overlaps with a PUSCH in time, the MAC should refrain from instructing to PHY to send such SR (i.e. PUSCH always prioritizes SR-PUCCH). In light of this, typically a SR configuration with more frequent PUCCH resource (shorter periodicity) will be assigned to LCHs for URLLC traffic, to facilitate the gNB to receive the SR without much delay caused by e.g. resource collision. Although a gNB may attempt to schedule PUSCH in a fashion such that the resource does not overlap with the PUCCH with SR, it is very inefficient, and sometimes not possible, as the periodicity of a SR configuration can be as low as two OFDM symbols. On the other hand, although one could argue that BSR relating to URLLC traffics can be embedded into the MAC PDU for the colliding PUSCH and hence SR could be exempted, this cannot address the case where the SR is triggered after the MAC PDU is constructed or even in transmission already, as well as the case where the duration of such PUSCH is very long (up to 14 OFDM symbols and much longer than SR-PUCCH) and hence ends much later. Hence, from this point of view, the Rel-15 behaviour where PUSCH always overrides SR-PUCCH, should be re-considered. In particular, it is not necessary that SR should be transmitted on the nominal PUCCH resource, but it can be conveyed by some other means such as multiplexing into PUSCH – this could be further studied by RAN1.
Proposal 1: The MAC should be allowed to instruct PHY to transmit SR, even if its nominal PUCCH resource overlaps with a PUSCH. How such SR should be processed by PHY can be further studied by RAN1.
Based on the email discussion [106 #56] triggered after RAN2 #106, it is generally quite clear most companies think that SR transmission should be allowed, at least in some conditions, even if its nominal PUCCH resource overlaps with a PUSCH in time-domain. Then, the question is, under what conditions the MAC should instruct PHY to transmit the SR in such collision case.
In general, we think that, whether to deliver a SR to PHY and potentially affect the overlapping UL-SCH transmission, should be determined by the priority of traffic that triggers such SR, and the priority of traffic that is conveyed by the UL-SCH. Specifically, the priority of traffic corresponds to LCH priority, which is only visible to MAC layer according to the existing specifications.

To further elaborate our views on MAC behaviour of delivering SR in such situations, we consider the following cases:

· Case 1: SR is triggered before MAC PDU generation, and LCH triggering SR can be mapped to the overlapping UL-SCH
In this case, instead of delivering SR straightaway, the MAC may conduct LCP for the grant corresponding to the overlapping UL-SCH and load data from the LCH that triggers such SR into the transport block. If the buffer of the LCH triggering such SR can be emptied after LCP, the SR is cancelled directly and whether to deliver it to PHY is no longer in question. If the buffer cannot be emptied, then the MAC would decide if the SR should be delivered to PHY based on LCH priority comparison – the details of such behaviour is explained below in Case 2.
· Case 2: SR is triggered before MAC PDU generation, and LCH triggering SR cannot be mapped to the overlapping UL-SCH

Due to LCH mapping restriction, the data from the LCH that triggers SR cannot be carried by the transport block associating to the overlapping UL-SCH. Then, the decision on whether this SR should be delivered to PHY depends on the LCH priority. In particular, the MAC entity should compare the priority of LCH that triggers this SR and the highest priority of LCHs that have been (or will be) mapped into the grant corresponding to the conflicting PUSCH. Based on the comparison, the UE should behave as following:

· If the SR corresponds to an LCH with higher priority than the highest priority of LCHs carried by the conflicting UL-SCH, then the MAC entity should deliver this SR to the lower layer. In this case PHY should take actions that allow transmission of such SR, e.g. cancelling or puncturing the conflicting PUSCH. Alternatively, BSR relating to LCH that triggers such SR can be included in the MAC PDU for the colliding UL-SCH.
· If the SR corresponds to an LCH with lower or equal priority compare to the highest priority of LCHs carried by the conflicting grant, then the MAC entity may simply refrain from delivering the SR to PHY. 
When the SR is delivered to PHY (because the LCH that triggers such SR has higher priority than the data carried by the conflicting PUSCH), the PHY may 

· Multiplex the SR into the colliding PUSCH, or

· Puncture the some OFDM symbols of the colliding PUSCH, or

· Cancel the colliding PUSCH entirely.

This is RAN1’s scope to decide how this should be handled to transmit this SR with a conflicting PUSCH.
· Case 3: SR is triggered after MAC PDU generation, and the PUSCH transmission may be started already

In this case the MAC PDU has been generated and the PUSCH transmission of which may have started, the MAC should still deliver the SR to PHY if the priority of LCH triggering SR is higher than the highest priority of LCHs multiplexed into this MAC PDU. Thus, the same MAC behaviour as described in Case 2 is also applicable here. The only difference between Case 2 and Case 3 would be options that PHY can have. In particular, if the transmission of such PUSCH is already started, then PHY is no longer able to multiplex SR into this PUSCH, but the options with cancelling/puncturing PUSCH might still be possible. Nevertheless, it is up to RAN1 to discuss the details.
Apart from Case 1 where the data from LCH triggering the SR can emptying its buffer by mapping its data to the overlapping UL-SCH, basically in all other cases the MAC will decide if the SR should be delivered to PHY based on LCH priority comparison. Moreover, in order for the PHY to select the most appropriate way of handling this delivered SR, the MAC may provide priority information relating to both SR and the colliding UL-SCH transmission. In particular, the priority information of the UL-SCH should be the highest priority level of LCHs mapped to this PUSCH.
Proposal 2: The MAC can determine if SR should be delivered to PHY based on LCH priority comparison with the overlapping UL-SCH.

Proposal 3: The MAC should also provide PHY the information relating to LCH priority of both SR and MAC PDU, so PHY can determine how this SR should be handled along with the PUSCH.
3
Conclusions
This contribution provides our opinions on intra-UE prioritization considering resource collision between SR-related PUCCH and PUSCH, with the following proposal:
Proposal 1: The MAC should be allowed to instruct PHY to transmit SR, even if its nominal PUCCH resource overlaps with a PUSCH. How such SR should be processed by PHY can be further studied by RAN1.
Proposal 2: In most cases, the MAC can determine if SR should be delivered to PHY based on LCH priority comparison with the overlapping UL-SCH.

Proposal 3: The MAC should also provide PHY the information relating to LCH priority of both SR and MAC PDU, so PHY can determine how this SR should be handled along with the PUSCH.
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