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In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to study

“Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. “

In this section, the enhancement for intra-UE multiplexing and prioritization is discussed. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Different MCS for URLLC UCI MUX on eMBB PUSCH
In Rel-15/16, when UCI is multiplexed on PUSCH, UCI must follow the same modulation order as PUSCH. This could lead to UCI performance loss at high modulation order, due to inappropriate combination of low code rate and high modulation order. We can use one example to illustrate the problem. 
· Example of URLLC HARQ-ACK multiplexing on eMBB PUSCH, where HARQ-ACK follow the same modulation order as PUSCH
· A cell center UE, eMBB PUSCH mod order = 256QAM, code rate ½, which leads to data spectrum efficiency of 4 bits/s/Hz
· gNB signal beta offset = 1/8 for URLLC HARQ-ACK, which leads to UCI spectrum efficiency of 1/2 bits/s/Hz
· UCI use the same mod order as PUSCH, which is 256QAM
· Based on spectrum efficiency of 1/2 bits/s/Hz and 256QAM, UCI code rate is 1/16
· 256QAM + 1/16 code rate for UCI is a very inefficient combination
This problem is more serious for URLLC UCI than eMBB UCI, when UCI is multiplexed on PUSCH. The reason is because typically a relatively large beta value is used to protect URLLC UCI. With larger beta values, the more the code rate gets scaled down, which amplifies the problem of “imbalance” between high mod order and low code rate. 
To solve this issue, a better way to select the modulation order and code rate for UCI is selecting MCS of UCI based on beta scaled spectrum efficiency of UCI. 
· Example of URLLC HARQ-ACK multiplexing on eMBB PUSCH, where MCS is selected based on beta scaled spectrum efficiency of UCI
· A cell center UE, eMBB data mod order = 256QAM, code rate ½ , which leads to data spectrum efficiency of  4 bits/s/Hz
· gNB signal beta offset = 1/8 for URLLC HARQ-ACK, which leads to UCI spectrum efficiency of 1/2 bits/s/Hz
· Pick QPSK and code rate 1/4 for UCI, based on reuse MCS table of data (this is not ideal)
· Notes: ideally, UE should use a dedicated MCS table for UCI, rather than reuse data MCS table
· QPSK + code rate 1/4 is a much more appropriate combination to achieve spectrum efficiency of 1/2 bits/s/Hz
Based on the above discussion, we propose RAN1 study remove the constraint that UCI has to use same modulation order as UL-SCH when multiplexed on PUSCH. RAN1 should study better approach to decide MCS for UCI when multiplexed on PUSCH in Rel-17.
Proposal 1: Study modulation order and code rate selection for UCI multiplexed on PUSCH based on beta scaled spectrum efficiency of UCI. 
PUCCH/PUSCH collision between URLLC/eMBB
Collision resolution between PUCCH and PUSCH with different priorities in could be very complicated due to there are many different collision scenarios. In principle, simple collision resolution solutions are preferred. One way to follow this principle is to introduce enhancement only for necessary scenarios where there is clear motivation to improve. For other scenarios, Rel-16 solution should be reused. The important scenarios where intra-UE multiplexing among transmissions with different priorities are identified and discussed in Section 3.1 – Section 3.4. 
[bookmark: _Ref53944194]HARQ-ACK/SR multiplexing with different priorities
For the case in which 1 or 2 bits HARQ-ACK collide with a 1 bit SR, there’re 8 possible cases depending on the priority levels and PUCCH formats of the HARQ-ACK and SR. Before discussing the detailed solutions for resolving collisions in each of the 8 cases, we’d like to discuss the general principles for multiplexing HARQ-ACK and SR of different priorities. On the one hand, we should try not to drop the low priority transmissions if possible; on the other hand, we should protect the high priority transmissions from both reliability and latency perspective as much as possible. More specifically, the following enhancement from the Rel-15 design can be considered. When the HARQ-ACK and SR are multiplexed, they shall be multiplexed on the high priority channel since the power control associated with the high priority channel may lead to higher reliability. In some cases, it may not be feasible to always multiplex HARQ-ACK and SR on the high priority channel, e.g., in case of RB selection. However, in such cases, it may be desirable to use the power associated with the high priority channel to transmit the UCI payload. 
We summarize principles discussed above in the following observation. 
Observation 1: Multiplexing HARQ-ACK and SR with different priorities shall take into account the following design principles:
· Reuse the Rel-15 rule to multiplex the HARQ-ACK and SR when appropriate
· High priority channels should be better protected to guarantee its reliability and latency via i) putting the multiplexed payload on the high priority PUCCH resources if possible ii) use the power control parameters related to the high priority channel to transmit the multiplexed payload. 

Next, we share our view on the collision resolutions rules for each of the overlapping cases below. 
· Case 1: low priority (LP) HARQ-ACK on PF 0 collide with high priority (HP) SR on PF 0: in this case, we may reuse the Rel-15 solution to multiplex the HARQ-ACK and SR. However, different from Rel-15, in Rel-16 and beyond, the high priority SR and low priority HARQ-ACK may be scheduled with different power control parameters (including both open-loop and closed-loop power).  To ensure reliable delivery of the high priority transmission, one possible enhancement in Rel-17 is to use the SR PUCCH resource to transmit the multiplexed LP HARQ-ACK and the HP SR. In addition, since the power control for PUCCH format 0 is independent on the payload size of the UCI multiplexed on the SR, one may apply an additional power boost to the multiplexed UCI transmission.  
· Case 2: low priority (LP) HARQ-ACK on PF 0 collide with high priority (HP) SR on PF 1: in Rel-15, a HARQ-ACK on PF0 that collides with SR on PF 1 will be multiplexed on the HARQ-ACK resource. However, this may affects the reliability of the SR. Therefore, we would like to enhance the design in Rel-17 by performing an RB selection. More specifically, if the SR is negative, then HARQ-ACK is transmitted on the HARQ-ACK resource. However, if the SR is positive, the HARQ-ACK is transmitted on the SR resource to indicate the positive SR. This way, we protect the reliability of SR whenever SR is positive. 
·  Case 3: low priority (LP) HARQ-ACK on PF 1 collide with high priority (HP) SR on PF 0: in NR Rel-15, if a HARQ-ACK on PF1 collides with an SR on PF0, UE will drop the SR and transmit HARQ-ACK. However, when SR is of higher priority than the HARQ-ACK, dropping SR may not be appropriate. In NR Rel-17, we may enhance the design by using RB selection. More specifically, if the SR is negative, then HARQ-ACK is transmitted on the HARQ-ACK resource. However, if the SR is positive, the HARQ-ACK is transmitted on the SR resource to indicate the positive SR. This way, we will not drop the SR or the HARQ-ACK, but we also guarantee that SR is transmitted with low latency whenever it is positive. 
· Case 4: low priority (LP) HARQ-ACK on PF 1 collide with high priority (HP) SR on PF 1: Same rule as in Rel-15 (i.e., RB selection) can be applied. 
· Case 5: HP HARQ-ACK on PF 0 with LP SR on PF 0: As explained earlier, in NR Rel-15, an HARQ-ACK on PF0 that collide with SR on PF0 may be multiplexed on the HARQ-ACK resource. The same rule may be applied in NR Rel-17 to handle colliding HARQ-ACK and SR of different priorities. In addition, to guarantee the reliability of the HP HARQ-ACK, an additional power boost may be applied to the multiplexed payload.
· Case 6: HP HARQ-ACK on PF 0 with LP SR on PF 1: Similar to the Case 5 above, we may reuse the Rel-15 rule to multiplex the HARQ-ACK and SR on the HARQ-ACK resource. In addition, to guarantee the reliability of the HP HARQ-ACK, an additional power boost may be applied to the multiplexed payload.
· Case 7: HP HARQ-ACK on PF 1 with LP SR on PF 0: In this case, we shall use the same rule as in NR Rel-15 and Rel-16 and drop SR. 
· Case 8: HP HARQ-ACK on PF 1 with LP SR on PF 1: In this case, we may reuse the Rel-15 rule to indicate the value of SR using RB selection. Furthermore, since the SR and HARQ-ACK are of different priorities, which implies that the power determined on the SR resource may be different from the power derived from the HARQ-ACK resource. To guarantee the reliability of the HP HARQ-ACK, the UE may always use the power determined form the HARQ-ACK resource to transmit the HARQ-ACK (regardless of whether the HARQ-ACK is transmitted on the HARQ-ACK resource or the SR resource).

The design options above are summarized in the following proposal. 
Proposal 2: In NR Rel-17, if a HARQ-ACK transmission on PUCCH format 0 or PUCCH format 1 collide with one SR, the UE performs the actions in Table 1 to resolve the collision. 
[bookmark: _Ref54042045]Table 1. Collision resolution for overlapping HARQ-ACK and SR in NR Rel-17
	
	Ack: PF0, LP
	Ack: PF1, LP 
	Ack: PF0, HP
	Ack: PF1, HP

	SR: PF 0, LP
	Same as Rel-15 (i.e., multiplex on HARQ-ACK resource). 
	 Same as Rel-15 (i.e., drop SR)
	Multiplex the HARQ-ACK and SR on the HARQ-ACK resource (as in Rel-15), with a power boost to the multiplexed transmission.
	Same as Rel-15 (drop SR).

	SR: PF1, LP
 
	Same as rel-15 (i.e., multiplex on HARQ-ACK resource)
	Same as Rel-15 (RB selection)
	Multiplex the HARQ-ACK and SR on the HARQ-ACK resource (as in Rel-15), with a power boost to the multiplexed transmission.
	RB selection (as in Rel-15) but with the enhancement that, if SR is positive, the power of the PUCCH transmission follows the power of the HARQ-ACK resource.

	SR: PF0, HP
	Use the SR resource to transmit multiplexed SR and HARQ-ACK, with a power boost to the multiplexed transmission.
	Perform RB selection (i.e., if SR is negative, then transmit HARQ-ACK on the HARQ-ACK resource. Otherwise, transmit HARQ-ACK on the SR resource.) 
	Same as Rel-15
	Same as Rel-15

	SR: PF1, HP 
	Perform RB selection (i.e., if SR is negative, then transmit HARQ-ACK on the HARQ-ACK resource. If SR is positive, transmit HARQ-ACK on the SR resource.)
	Same as Rel-15 (i.e., RB selection). 
	Same as Rel-15
	Same as Rel-15



Next, we consider the scenario in which the HARQ-ACK are transmitted using PUCCH format 2, 3, or 4. In this case, if the HARQ-ACK transmission collide with K SRs, including  HP SRs and  LP SRs, the UE may multiplex the HARQ-ACK with the K SR using the REl-15 rule.
Proposal 3: In NR Rel-17, if a HARQ-ACK transmission on PUCCH format 2/3/4 collide with K SR transmissions including  HP SRs and  LP SRs, the UE append bits to the HARQ-ACK payload.  Furthermore, if any of the  HP SR is positive, thebits shall indicate a positive HP SR. 
Finally, we consider the scenario in which a LP HARQ-ACK collide with a HP HARQ-ACK and an SR. In this case, the UE may first multiplex the LP and HP HARQ-ACK into a PUCCH resource, and then resolve the collision between the multiplexed HARQ-ACK and the SR. The detailed rules to multiplex the HP HARQ-ACK and LP HARQ-ACK are summarized in Section 3.2 below. In a nutshell, we propose to bundle the LP HARQ-AKC and appending the bundled HP HARQ-ACK 
Furthermore, the latter collision between SR and the multiplexed HARQ-ACK may be resolved by using the rules proposed in the Table 1 or Proposal 3 (depending on the payload size of the multiplexed LP and HP HARQ-ACK) by treating the multiplexed HARQ-ACK as high priority. With the above discussion, we make the following proposal.  
Proposal 4: In NR Rel-17, if a LP HARQ-ACK, a HP HARQ-ACK and an SR collide, the UE shall perform the following two steps
· Step 1: multiplex the LP HARQ-ACK and the HP HARQ-ACK by bundling the LP HARQ-ACK into X bits (e.g., X=1) and append the bundled X bits to the HP HARQ-ACK payload, and place the multiplexed HARQ-ACK on the HP HARQ-ACK resource
· Step 2: resolve the collision between the multiplexed HARQ-ACK and the SR (if any) by treating the multiplexed HARQ-ACK as high priority transmission, and by using the rules proposed in  Table 1 or Proposal 3.
HARQ-ACK/PUSCH multiplexing with different priorities
In NR Rel-15, when a HARQ-ACK is multiplexed on the PUSCH, the gNB may indicate a beta-offset value to the UE, which can be used by the UE to determine the number of resources on the PUSCH that are allocated to UCI. In particular, the beta offset value may be either dynamically indicated via 2 bits in the UL DCI or semi-statically via RRC. 
In NR Rel-17, HARQ-ACK of different priorities can be multiplexed on a PUSCH. In this case, using a same beta offset value or a same set of beta offset values may not be sufficient. Instead, it may be beneficial to allow the gNB to indicate different beta offset values (or different sets of beta offset values) to the UE based on the priorities of the HARQ-ACK and the PUSCH. 
More specifically, if dynamic beta offset indication is configured, the gNB may configure four sets of beta offset values to the UE, which corresponds to the following four cases, respectively. 
· Multiplexing LP HARQ-ACK/UCI on LP PUSCH
· Multiplexing LP HARQ-ACK/UCI on HP PUSCH
· Multiplexing HP HARQ-ACK/UCI on LP PUSCH
· Multiplexing HP HARQ-ACK/UCI on HP PUSCH 

For example, if the UE piggybacks a LP HARQ-ACK on a HP PUSCH, it may select one beta offset value from the set of beta-offset values that correspond to LP HARQ-ACK multiplexing on HP PUSCH. In this case, the beta offset values can be configured to be smaller, compared to the case of multiplexing the LP HARQ-ACK on a LP PUSCH. In a second example, if the UE piggybacks a HP HARQ-ACK on a LP PUSCH, it may use a higher beta offset value in order to have a better protection for the HP HARQ-ACK. With the above discussion, we would propose the following. 
Proposal 5: In NR Rel-17, up to four sets of beta offset values can be configured to the UE to indicate separate beta offset values for the following cases:
· Multiplexing LP HARQ-ACK/UCI on LP PUSCH
· Multiplexing LP HARQ-ACK/UCI on HP PUSCH
· Multiplexing HP HARQ-ACK/UCI on LP PUSCH
· Multiplexing HP HARQ-ACK/UCI on HP PUSCH 

For each set of the beta-offset values discussed above, the base station may dynamically indicate one beta-offset value using the beta-offset field in the DCI in Rel-15. In case UCI of the same type is piggybacked on a PUSCH, the UE may refer to different beta-offset sets discussed above to determine the beta offset value based on the indication in the DCI. When both HP and LP UCI both can be multiplexed on the PUSCH, there’re two approaches to encode the UCI:
· Option 1: jointly encode the HP and LP UCI
· Option 2: separately encode the HP and LP UCI
For Option 1, it suffices to have one beta offset indication field configured in the DCI to indicate the beta offset for the jointly encoded UCI. For Option 2, the base station may include two beta offset indication fields in the DCI to indicate different beta offsets for the LP UCI and the HP UCI. Based on this discussion, we shall make the following proposal. 
Proposal 6: In Rel-17, if both HP and LP UCI can be piggybacked on a PUSCH at the same time, the beta offset can be indicated via the following:
· Option 1: One beta offset field (2 bits) is configured in the DCI that schedules the PUSCH, if the HP and LP UCI are jointly encoded
· Option 2: Two separate beta offset fields (in total 4 bits) are configured in the DCI that schedules the PUSCH, if the HP and LP UCI are separately encoded. 
 
eMBB HARQ-ACK overlap with URLLC PUSCH
One scenario that we see necessity to enhance is eMBB HARQ-ACK overlap with URLLC PUCCH/PUSCH. In this scenario, following Rel-16, eMBB HARQ-ACK is dropped. The solution is simple, but it reduced eMBB PDSCH peak data rate. To recover the PDSCH performance loss, one solution, as shown in Fig 1, could be transmitting a compressed version of the eMBB HARQ-ACK codebook. For example, UE can bundle the bits in HARQ-ACK codebook into X (e.g., X=1) bits and multiplex the bundled X bits with URLLC PUCCH/PUSCH. In such way, part of the eMBB HARQ-ACK information get though, and the impact of eMBB HARQ-ACK to URLLC service can be minimized.    
[image: ]
[bookmark: _Ref1122285][bookmark: _Hlk53945873]Fig 1: Bundle eMBB A/N before multiplexing on URLLC PUCCH/PUSCH
Proposal 7: When low priority HARQ-ACK overlap with high priority PUCCH/PUSCH, bundle the low priority HARQ-ACK codebook into X bits (e.g. X=1), append the X bits to the end of high priority HARQ-ACK codebook (if exist) and jointly encode them, and further multiplex the jointed encoded codeword on an overlapping high priority PUSCH (if exist).    
URLLC HARQ-ACK overlap with eMBB PUSCH
Another important scenario we should seek for improvement is URLLC HARQ-ACK overlapping eMBB PUSCH. Following Rel-16 solution, the whole eMBB PUSCH is dropped. This leads to UL peak rate degradation. The degradation could be avoided by keep the PUSCH transmission and let URLLC HARQ-ACK multiplexed on eMBB PUSCH. There are two approaches to perform multiplexing. Approach 1 is eMBB PUSCH rate match URLLC HARQ-ACK. Approach 2 is URLLC HARQ-ACK puncturing eMBB PUSCH. Consider that URLLC is for urgent DL PDSCH delivery and the HARQ-ACK for it normally comes pretty late. By that time UE has to multiplex URLLC HARQ-ACK on eMBB PUSCH, UE most likely already completed the rate match/RE mapping procedure for eMBB PUSCH transmission. It is not desired to force UE to redo rate match/RE mapping procedure for eMBB PUSCH due to late URLLC HARQ-ACK. Therefore, approach 2 is preferred. Because with late URLLC HARQ-ACK, they just puncture certain existing PUSCH REs, without requiring UE to performance rate match/ RE mapping again. 
Proposal 8: When high priority HARQ-ACK overlap with low priority PUSCH, high priority HARQ-ACK is multiplexed on low priority PUSCH by puncturing the low priority PUSCH.    
Other collision scenarios between URLLC and eMBB
Besides the above two discussed scenarios, there are many other scenarios of URLLC/eMBB transmission collision. The scenarios and collision resolution solutions are capture in below Table 1.
[bookmark: _Ref54364336]Table 2. URLLC/eMBB UL transmission collision resolution
	
	eMBB SR on PUCCH
	eMBB ACK on PUCCH
	eMBB CSI on PUCCH
	eMBB
SR+ACK+CSI on PUCCH
	eMBB PUSCH
	eMBB ACK+CSI+UL-SCH  on PUSCH

	URLLC SR on PUCCH
	Drop eMBB SR
	Drop eMBB PUCCH
	Drop eMBB CSI on PUCCH
	Drop eMBB PUCCH
	Drop eMBB PUSCH
	Drop eMBB PUSCH+ACK+CSI

	URLLC ACK on PUCCH
	Drop eMBB SR
	Bundle eMBB A/N then MUX on URLLC PUCCH
	Drop eMBB CSI on PUCCH
	Drop CSI, MUX bundled eMBB A/N, and SR on URLLC PUCCH
	URLLC ACK puncture eMBB PUSCH 
	URLLC ACK puncture eMBB PUSCH 

	URLLC A-CSI
on PUCCH
	Drop eMBB SR
	Bundle eMBB A/N then MUX on URLLC PUCCH
	Drop eMBB CSI on PUCCH
	Drop CSI, MUX bundled eMBB A/N, and SR on URLLC PUCCH
	Drop eMBB PUSCH


	Drop eMBB PUSCH, i.e., drop UL-SCH+CSI, bundle eMBB HARQ-ACK and MUX on URLLC PUCCH

	URLLC SR+ACK+CSI on PUCCH 
	Drop eMBB SR
	Bundle eMBB A/N then MUX on URLLC PUCCH
	Drop eMBB CSI on PUCCH
	Drop CSI, MUX bundled eMBB A/N, and SR on URLLC PUCCH
	Drop eMBB PUSCH


	Drop eMBB PUSCH, i.e., drop UL-SCH+CSI, bundle eMBB HARQ-ACK and MUX on URLLC PUCCH

	URLLC PUSCH
	Drop eMBB SR
	Bundle eMBB A/N then MUX on URLLC PUSCH
	Drop eMBB CSI on PUCCH
	Drop CSI, MUX bundled eMBB A/N, and SR on URLLC PUSCH
	Drop eMBB PUSCH
	Drop eMBB PUSCH, i.e., drop UL-SCH+CSI, bundle eMBB HARQ-ACK and MUX on URLLC PUSCH

	URLLC ACK+CSI+UL-SCH on PUSCH
	Drop eMBB SR
	Bundle eMBB A/N then MUX on URLLC PUSCH
	Drop eMBB CSI on PUCCH
	Drop CSI, MUX bundled eMBB A/N, and SR on URLLC PUSCH
	Drop eMBB PUSCH
	Drop eMBB PUSCH, i.e., drop UL-SCH+CSI, bundle eMBB HARQ-ACK and MUX on URLLC PUSCH



Proposal 9: Adopt the collision resolution in Table 2 for collision between different priority PUCCH/PUSCH transmissions.    
[bookmark: _Ref53944342]Timeline for Rel-17 intra-UE MUX
In Rel-15, the timeline requirements for intra-UE multiplexing was already defined. The timeline depends on UE PDSCH processing capability, and/or PUSCH processing capability, DL and UL subcarrier spacing. Because the PDSCH/PUSCH processing capabilities and DL/UL subcarrier spacing are orthogonal to UL transmission priorities, the Rel-15 timeline requirements should be reused for Rel-17 intra-UE multiplexing. 
 Proposal 10: Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities.   
Conditions to trigger Rel-17 intra-UE mux functionality
In this section, the condition to trigger Rel-17 intra-UE multiplexing functionality, on top of Rel-16 prioritization, among UL transmissions with different priorities is discussed. 
In principle, there are two approach to trigger this Rel-17 functionality. 
· One approach is allowing indication to enable this feature on per UL transmission basis. If the UL transmission is dynamically scheduled, the indicator can be included in the DCI scheduling the UL transmission. If the UL transmission in semi-statically scheduled, the indicator can be included in the RRC configure the UL transmission. 
· Another approach is keeping the trigger semi-statically on per UE basis via RRC signalling. According to UE capability signalling, gNB can use RRC configuration to either enable or disable this feature. 
Among the two approaches, the second approach is preferred, because it is more robust to DCI miss direction and simpler to specify in standard. Furthermore, from UE implementation point of view, the second approach is much simpler. 
Proposal 11: The Rel-17 intra-UE multiplexing feature is enabled/disabled via RRC configuration on per UE basis.     
For a UE, once RRC configuration enables this Rel-17 feature of intra-UE multiplexing among UL transmissions with different priorities, for the scenarios discussed in Section 3.1 – Section 3.4, multiplexing can be potentially performed among UL channels with different priorities. However, some conditions need to be considered before actually performing the multiplexing operation. One condition can be considered is the start/end of actual transmission time of high priority UL channels before and after multiplexing. If the multiplexing would result that the high priority channel is delayed in terms of transmission start/end time, maybe multiplexing should not be performance and it is more propriate to fallback to Rel-16 behaviour to prioritize high priority UL channel so it can be transmitted earlier. 
Fig 2 illustrate an example of high priority (HP) UL channel transmission time change due to intra-UE multiplexing. In this example, HP HARQ-ACK is multiplexed on low priority (LP) PUSCH. Assuming HP HARQ-ACK is multiplexing on the REs around the earliest DMRS symbol for earlier transmission and higher reliability, UE can check the start and end transmission time for HP HARQ-ACK before and after UCI multiplexing. In this particular example, some extra delay is introduced on both start and end transmission time, if HP HARQ-ACK is indeed multiplexed on LP PUSCH. One simple rule to decide whether multiplexing is triggered or not can be based on checking wither the time delay due to multiplexing is larger than a preconfigured threshold. If the delay is smaller than the threshold, multiplexing can be triggered, otherwise multiplexing cannot be triggered and UE should fallback to Rel-16. 
[image: ]
[bookmark: _Ref53946386]Fig 2: Example of HP UL channel transmission time change due to intra-UE mux
Proposal 12: If the Rel-17 intra-UE multiplexing feature is enabled via RRC configuration, UCI multiplexing is performed conditioning on the delay of starting time and/or ending time of high priority UL transmissions due to multiplexing is less than a preconfigured delay threshold.  
[bookmark: _Ref53944208]Collision between CG-PUSCH and DG-PUSCH 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]This scenario of collision between CG-PUSCH and DG-PUSCH was extensively discussed in Rel-16 and RAN1 decided to not handle that scenario in Rel-16. The same issue was added back in Rel-17 WID. 
In our view, there are two cases in this scenario to consider
· Case 1: high-priority DG-PUSCH collide with low-priority CG-PUSCH
· Case 2: low-priority DG-PUSCH collide with high-priority CG-PUSCH
Firstly, RAN1 need to discuss these two cases separately and decide which of the two cases should be supported. In our understanding, this issue CG-PUSCH and DG-PUSCH collision issue was originated from RAN2. In RAN2, case 2 was the main focus. Therefore, case 2 can be prioritized. In RAN1 102e, it was agreed to support case 2. In our view, this is sufficient enough and there is no strong motivation to further support case 1. 
Proposal 13: Do not support the following case for DG-PUSCH colliding with CG-PUSCH.     
· Case 1: high-priority DG-PUSCH collide with low-priority CG-PUSCH
For the agreed case 2, it is not reasonable to reuse the timeline defined for Rel-16. The reason is because this Rel-17 scenario involves PUSCH vs PUSCH collision, which involves a different set of blocks at the UE as compared with PUCCH vs PUCCH or PUCCH vs PUSCH cancellation discussed in Rel-16. 
Proposal 14: The cancellation time for CG-PUSCH and DG-PUSCH collision resolution does not reuse Rel-16 cancellation time for PUCCH/PUCCH or PUCCH/PUSCH collision.
Simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA
In RAN1 102e, it is agreed to support simultaneous PUCCH/PUSCH transmissions for inter-band UL CA. With this new feature, two open issues need to be addressed. The first issue is how to trigger this new functionality. The second issue is the PHR with this new feature. 
Regarding how to trigger this feature of simultaneous PUCCH/PUSCH, there are in general three methods. 
· Method 1 allows the triggering of this feature on per channel basis. 
· Method 2 allows the triggering of this feature on per CC basis. 
· Method 3 allows the triggering of this feature on per UE basis. 

With method 1, for dynamically scheduled PUCCH/PUSCH, the trigger indicator can be a new field in scheduling DCI. For semi-static PUCCH/PUSCH, the trigger indicator can be included in the RRC configuration of the channel. This method has maximum flexibility. However, it is not robust due to missing DCI for dynamically scheduled PUCCH/PUSCH. Even putting the missing DCI issue aside, this method is very complicated to specify in case the trigger indicators conflicts with each other in a group of overlapping channels. For example, between an overlapping PUCCH and PUSCH channel, if the indicator for the PUCCH indicates supporting simultaneous PUCCH/PUSCH, while the indicator for the PUSCH indicates not supporting simultaneous PUCCH/PUSCH, a rule needs to be specified to resolve the conflicting indication. The rule gets even more complicated with more than 2 channels in the group of overlapping channels. Due to missing DCI and large complexity for specification and UE implementation, method 1 is not preferred. 
With method 2 or method 3, dynamic trigger indication of this feature is not allowed. The triggering can only be via RRC configuration. The difference between method 2 and method 3is the RRC configuration granularity. With method 2, gNB can enable/disable simultaneous PUCCH/PUSCH on per CC basis. This can allow gNB to allow PUCCH/PUSCH multiplexing on CCs with same numerology or same processing (timeline) capability, while keep the PUCCH/PUSCH transmit in parallel on CCs with different numerologies and/or different processing capabilities. For example, as shown in Fig 3, gNB can use 1-bit in RRC configuration to enable simultaneous PUCCH/PUSCH on SCC-2, which will actually prohibit PUCCH to multiplex on SCC-2. By this configuration, gNB can allow UCI multiplexing with in FR1 UL CCs, but now cross FR1 and FR2 UL CCs. In other words, the FR2 CC is dedicated for UL data transmission purpose. This is a very reasonable working scenario, because the PUCCH transmission on FR2 is less reliable due to beam blocking and less transmission energy because of shorter slot/OFDM symbol duration. 
Based on the above analysis, we prefer method 2 and make the following proposal. 
Proposal 15: The enabling/disabling of the feature of simultaneous PUCCH/PUSCH transmission for inter-band CA is via RRC configuration on per CC basis. For a CC where RRC enables simultaneous PUCCH/PUSCH transmission, this CC is dedicated to PUSCH transmission and UCI is not multiplexed on this CC. 

[image: ]
[bookmark: _Ref53952037]Fig 3: Example of method 2 to disable/enable simultaneous PUCCH/PUSCH
[bookmark: _Hlk53953537]With this new feature of simultaneous PUCCH/PUSCH, PHR needs to support a new scenario, which is PUCCH transmission on PCC in parallel with PUSCH transmission on SCC. UE needs to report a “new” type of PHR for PUCCH on PCC, and a type 1 PHR for PUSCH on SCC. For the “new” type of PHR for PUCCH on PCC, we can either reuse LTE type 2 PHR with a minor modification/clarification or define a new type, i.e., type 4, PHR for this purpose. If reusing LTE type 2 PHR, one should notice that LTE type 2 PHR is for simultaneous PUCCH/PUSCH transmission on the same CC, which does not support in NR yet. One way to walk around this is utilize the virtual PHR for PUSCH in type 2, assuming a virtual/reference transmission of PUSCH on PCC when UE report type 2 PHR for PCC. If RAN1 does not want to define the virtual PHR for this purpose, a new type 4 PHR can be defined for PUCCH transmission on PCC. 
 Proposal 16: Support the PHR for simultaneous PUCCH/PUSCH for inter-band CA with either of the following two options.
· Option 1: reuse LTE type 2 PHR for PUCCH transmission on PCC with a virtual/reference PUSCH 
· Option 2: define a type 4 PHR for PUCCH transmission on PCC 
Conclusions
In summary, we have the following proposals for intra-UE multiplexing and prioritization for Rel-17 IOT and URLLC. 
Proposal 1: Study modulation order and code rate selection for UCI multiplexed on PUSCH based on beta scaled spectrum efficiency of UCI. 
Proposal 2: In NR Rel-17, if a HARQ-ACK transmission on PUCCH format 0 or PUCCH format 1 collide with one SR, the UE performs the actions in Table 1 to resolve the collision. 
Proposal 3: In NR Rel-17, if a HARQ-ACK transmission on PUCCH format 2/3/4 collide with K SR transmissions including  HP SRs and  LP SRs, the UE append bits to the HARQ-ACK payload.  Furthermore, if any of the  HP SR is positive, thebits shall indicate a positive HP SR. 
Proposal 4: In NR Rel-17, if a LP HARQ-ACK, a HP HARQ-ACK and an SR collide, the UE shall perform the following two steps
· Step 1: multiplex the LP HARQ-ACK and the HP HARQ-ACK by bundling the LP HARQ-ACK into X bits (e.g., X=1) and append the bundled X bits to the HP HARQ-ACK payload, and place the multiplexed HARQ-ACK on the HP HARQ-ACK resource
· Step 2: resolve the collision between the multiplexed HARQ-ACK and the SR (if any) by treating the multiplexed HARQ-ACK as high priority transmission, and by using the rules proposed in  Table 1 or Proposal 3.

Proposal 5: In NR Rel-17, up to four sets of beta offset values can be configured to the UE to indicate separate beta offset values for the following cases:
· Multiplexing LP HARQ-ACK/UCI on LP PUSCH
· Multiplexing LP HARQ-ACK/UCI on HP PUSCH
· Multiplexing HP HARQ-ACK/UCI on LP PUSCH
· Multiplexing HP HARQ-ACK/UCI on HP PUSCH 

Proposal 6: In Rel-17, if both HP and LP UCI can be piggybacked on a PUSCH at the same time, the beta offset can be indicated via the following:
· Option 1: One beta offset field (2 bits) is configured in the DCI that schedules the PUSCH, if the HP and LP UCI are jointly encoded
· Option 2: Two separate beta offset fields (in total 4 bits) are configured in the DCI that schedules the PUSCH, if the HP and LP UCI are separately encoded. 

Proposal 7: When low priority HARQ-ACK overlap with high priority PUCCH/PUSCH, bundle the low priority HARQ-ACK codebook into X bits (e.g. X=1), append the X bits to the end of high priority HARQ-ACK codebook (if exist) and jointly encode them, and further multiplex the jointed encoded codeword on an overlapping high priority PUSCH (if exist).    
Proposal 8: When high priority HARQ-ACK overlap with low priority PUSCH, high priority HARQ-ACK is multiplexed on low priority PUSCH by puncturing the low priority PUSCH.    
Proposal 9: Adopt the collision resolution in Table 2 for collision between different priority PUCCH/PUSCH transmissions.    
Proposal 10: Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities.   
Proposal 11: The Rel-17 intra-UE multiplexing feature is enabled/disabled via RRC configuration on per UE basis.     
Proposal 12: If the Rel-17 intra-UE multiplexing feature is enabled via RRC configuration, UCI multiplexing is performed conditioning on the delay of starting time and/or ending time of high priority UL transmissions due to multiplexing is less than a preconfigured delay threshold.  
Proposal 13: Do not support the following case for DG-PUSCH colliding with CG-PUSCH.     
· Case 1: high-priority DG-PUSCH collide with low-priority CG-PUSCH
Proposal 14: The cancellation time for CG-PUSCH and DG-PUSCH collision resolution does not reuse Rel-16 cancellation time for PUCCH/PUCCH or PUCCH/PUSCH collision.
Proposal 15: The enabling/disabling of the feature of simultaneous PUCCH/PUSCH transmission for inter-band CA is via RRC configuration on per CC basis. For a CC where RRC enables simultaneous PUCCH/PUSCH transmission, this CC is dedicated to PUSCH transmission and UCI is not multiplexed on this CC. 
Proposal 16: Support the PHR for simultaneous PUCCH/PUSCH for inter-band CA with either of the following two options.
· Option 1: reuse LTE type 2 PHR for PUCCH transmission on PCC with a virtual/reference PUSCH 
· Option 2: define a type 4 PHR for PUCCH transmission on PCC 
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