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1 Introduction

In previous meetings, the following agreements were made. 

	RAN1#82bis agreement:
· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes

· For no or small repetitions, Z=1

· FFS whether or not a TB can be mapped to X>1 subframes as a bundle

· Value of X FFS

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· FFS the value of Z

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}

· LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH

· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

· FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs

· At least adaptive PUSCH HARQ retransmission is supported for LC/CE UEs

· FFS whether to also support non-adaptive PUSCH HARQ retransmission

· FFS LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK




This contribution discusses remaining issues related to PUSCH. Mainly, it discusses handling of simultaneous uplink transmission, collision between downlink and uplink transmission in half-duplex FDD case, and HARQ-ACK handling for PUSCH transmission. 
2 PUCCH/PUSCH simultaneous transmission 

As agreed in the last meeting, simultaneous PUCCH/PUSCH transmission is not expected to be configured to a LC/CE UEs. In terms of simultaneous PUCCH/PUSCH, it is expected that eNB should avoid collision as UE needs to drop one transmission. There are a few cases of collision can occur, and we suggest handling of each cases as the followings. Additionally, it is noted that PRACH would have the highest priority. 
	On-going transmission 
	New transmission
	Handling

	Periodic CSI, SPS PUSCH
	Periodic CSI, SPS PUSCH
	Considered as misconfiguration. Up to UE implementation

	Periodic CSI, SPS PUSCH
	PUSCH via UL grant, HARQ-ACK PUCCH
	Considered as valid UL grant. Drop on-going transmission

	Aperiodic CSI reporting via PUSCH, UL grant PUSCH
	SPS PUSCH 
	SPS is dropped/skipped

	Aperiodic CSI reporting via PUSCH, UL grant PUSCH
	HARQ-ACK on PUCCH
	Considered as early termination. Stop on-going transmission, and start new transmission 

	HARQ-ACK on PUCCH
	Aperiodic CSI reporting via PUSCH, PUSCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUCCH
	HARQ-ACK on PUCCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUSCH
	HARQ-ACK on PUSCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUCCH or PUSCH via UL grant
	Periodic CSI, SPS PUSCH
	HARQ-ACK or UL grant has higher priority, drop periodic CSI or SPS PUSCH

	PUSCH via UL grant
	PUSCH via UL grant
	Considered as early termination, or eNB wants to start new transmission. Stop on-going transmission, and start new transmission

	Periodic CSI or SPS PUSCH
	Msg 3 or Msg 3 retx
	RACH procedure has higher priority over other channels


3 HARQ-ACK handling of PUSCH

It is agreed as a working assumption to utilize synchronous HARQ-ACK for PUSCH. If synchronized HARQ-ACK is used, the following shows an example of cases where a UE cannot receive UL grant or ePHICH due to invalid subframe at downlink, which then delays the feedback timing. Figure 1 shows an example. 
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Figure 1. Illustration of synchronous feedback

As shown in the figure, with invalid subframe, feedback timing will be delayed of 8msec, this can restrict uplink scheduling possibilities. As it can see, there are many uplink subframes not used for any data transmission due to the lack of UL grant. Though, those subframe can be used with SPS PUSCH, it is not easy to align valid downlink subframe with SPS PUSCH. Also, due to its restriction of SPS configuration, still there could be some uplink subframes not schedulable. To handle this case, if UL grant is postponed, it will corrupt the overall synchronous HARQ-ACK timing of PUSCH. Thus, those invalid subframes should be skipped to the next 8msec opportunity. 

The issue with synchronous HARQ-ACK becomes more significant in case of R > 1 for M-PDCCH. In case of R > 1, the synchronous HARQ-ACK timing should be somewhat aligned with starting subframe of M-PDCCH. One way is to assign the first starting subframe after n+3 (n is the subframe where the last repetition of PUSCH has been transmitted) as the timing. This however may cause issue if PUSCH repetition number is smaller than M-PDCCH repetition as illustrated in Figure 2. Particularly, when a UE monitors multiple M-PDCCH repetition levels, this may cause some further confusion. 
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Figure 2 Illustration of synchronous feedback collision when R > 1 for M-PDCCH

More importantly, when a UE monitors multiple M-PDCCH repetition numbers, corresponding PUSCH timing also changes. This will cause confusion in synchronous HARQ-ACK timing for PUSCH. Thus, unless the number of HARQ-process will be restricted to 1 with delayed HARQ-ACK transmission, it is desirable to utilize asynchronous HARQ-ACK timing for PUSCH transmission. 
Proposal 1: For PUSCH, asynchronous HARQ-ACK timing is supported. To support it, HARQ process number is included in UL grant. 
4 TA update

It is expected that TA update would be necessary for both CE mode A and B. When a UE has received TA update, currently a UE applies small step of TA value per each subframe. If this is used over cross-channel estimation (where each subframe may use different TA), it may cause performance degradation at the eNB side. Thus, it is worthwhile to consider ensuring the same TA used at least X subframes where cross-channel estimation is assumed. In terms of the value of X, it can be same as frequency hopping granularity regardless of hopping is used or not. 
Proposal 2. TA value that a UE uses would not change at least X subframes. 
5 Conclusion

This contribution discussed remaining issues on PUSCH. In terms of handling of collisions among uplink channels, we propose the following priority. 
	On-going transmission 
	New transmission
	Handling

	Periodic CSI, SPS PUSCH
	Periodic CSI, SPS PUSCH
	Considered as misconfiguration. Up to UE implementation

	Periodic CSI, SPS PUSCH
	PUSCH via UL grant, HARQ-ACK PUCCH
	Considered as valid UL grant. Drop on-going transmission

	Aperiodic CSI reporting via PUSCH, UL grant PUSCH
	SPS PUSCH 
	SPS is dropped/skipped

	Aperiodic CSI reporting via PUSCH, UL grant PUSCH
	HARQ-ACK on PUCCH
	Considered as early termination. Stop on-going transmission, and start new transmission 

	HARQ-ACK on PUCCH
	Aperiodic CSI reporting via PUSCH, PUSCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUCCH
	HARQ-ACK on PUCCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUSCH
	HARQ-ACK on PUSCH
	Considered as early termination. Stop on-going transmission, and start new transmission

	HARQ-ACK on PUCCH or PUSCH via UL grant
	Periodic CSI, SPS PUSCH
	HARQ-ACK or UL grant has higher priority, drop periodic CSI or SPS PUSCH

	PUSCH via UL grant
	PUSCH via UL grant
	Considered as early termination, or eNB wants to start new transmission. Stop on-going transmission, and start new transmission

	Periodic CSI or SPS PUSCH
	Msg 3 or Msg 3 retx
	RACH procedure has higher priority over other channels


Also, we have the following proposals. 

Proposal 1: For PUSCH, asynchronous HARQ-ACK timing is supported. To support it, HARQ process number is included in UL grant. 

Proposal 2. TA value that a UE uses would not change at least X subframes. 
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