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On the topic of UCI piggyback on PUSCH, many agreements are made in RAN1 91 [1] and RAN1 AH 1801 [4]. However, there are still some open issues in this area such as the following: 
· SP-CSI and A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol 
· Partially overlapped PUCCH and PUSCH transmissions
· Overlapped PUCCH and PUSCH transmissions with repetition
· Number of A-CSI reports per slot in CA
· Signaling details for UCI-only on PUSCH without UL-SCH

In this contribution, remaining issues for multiplexing UCI on PUSCH are discussed. 
[bookmark: _Ref506455778][bookmark: _Ref471731770][bookmark: _Ref462669569]SP-CSI and A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol
Regarding SP-CSI reports on PUSCH, In RAN1 #92[7], the following agreements were made in MIMO session.
Agreements:
SP-CSI reports on PUSCH cannot be multiplexed on the PUSCH with uplink data transmission. 
· SP-CSI report is dropped

The main bullet in the above agreements says that in NR, SP-CSI on PUSCH can only been transmitted on PUSCH without UL-SCH. Therefore, we can treat SP-CSI similar to A-CSI-only on PUSCH without UL-SCH. 
The sub-bullet in the agreement is very vague. First of all, the condition of “SP-CSI report is dropped” should consider colliding with which UL transmission such as SR, HARQ-ACK, or PUSCH. Secondly, the UE behaviour should be differentiated in the case of with same starting symbol or different starting symbol among colliding UL transmissions.  
In LTE, when SR colliding with A-CSI only on PUSCH without UL-SCH, it is considered as a misconfiguration. The reason is that in this case, when gNB see a slot has configured SR transmission occasions, gNB should schedule UCI with UL-SCH transmission in PUSCH to allow BSR report transmission in UL-SCH. From UE side, when UE sees SR colliding with A-CSI only, A-CSI is dropped when parallel SR and PUSCH transmission is not allowed. Just for simplicity, we can reuse this approach in NR. 
Therefore, following LTE spirit to handle this scenario, we have the following proposal 
Proposal 1: For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol, adopt the proposals in the table below

	SP-CSI on PUSCH
	A-CSI-only on PUSCH
	HARQ-ACK
	SR
	PUSCH with UL-SCH
	Proposal

	
	*
	
	*
	
	Drop A-CSI-only on PUSCH, transmit SR.

	
	*
	*
	*
	
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK 

	*
	
	
	*
	
	Drop SP-CSI on PUSCH, transmit SR

	*
	
	*
	
	
	Multiplex HARQ-ACK on SP-CSI on PUSCH

	*
	
	*
	*
	
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR 

	*
	
	
	
	*
	Drop SP-CSI on PUSCH



· FFS when the starting symbols among UL transmissions are different in the above scenarios.
Partially overlapped PUCCH and PUSCH
In NR, PUCCH and PUSCH can have partial overlap as shown in Figure 1. In case A and B, if PUCCH is piggyback on PUSCH, then UE need to do “look-ahead” for piggyback purpose. This will eat into PUSCH processing timeline. In case C, at first glance, it seems PUCCH transmission timeline is relaxed, since PUCCH transmission is delayed by piggybacking. However, this observation is not true. Piggybacking PUCCH on later PUSCH may actually tighten PUCCH Tx timeline because UE may need to wait until decode UL grant to know there is a later PUSCH. Or UE have to drop already prepared PUCCH waveform, because a later received PUSCH grant suggest UE to piggyback UCI on PUSCH. Therefore, without impacting the timeline of either PUSCH or PUCCH transmission, if PUCCH partially overlap with PUSCH, PUCCH should not be piggybacked on PUSCH. Instead, either PUCCH or PUSCH should be dropped. The dropping decision should depend on a simple rule of “first come first serve”. In other words, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 


[bookmark: _Ref503452774]Figure 1: Partial overlap of PUSCH and PUCCH with different starting symbol
With mini-slot based PUSCH, one PUCCH can partially colliding with two or more mini-slot based PUSCH. Furthermore, since NR allows two PUCCH transmissions in one slot, the partial overlap pattern could be very complicated, as shown in Figure 2. To avoid impact UE TX processing time, the simple “first come first serve” rule can be applied. As shown in Figure 2, the rule provides a clean and easy to implement solution for this complicated problem.  
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Proposal 2: For eMBB services, when a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 
· FFS: how to handle low latency transmission (e.g. URLLC) based on priority ordering
UCI multiplexing on PUSCH with PUCCH/PUSCH repetition
Another issue needs to be addressed is how to handle UCI multiplexing on PUSCH when PUCCH/PUSCH or both have repetitions over multiple slots. For the clarity of discussion, the issue is categorized into three different scenarios as shown below.
1. Single slot PUCCH overlap with multi-slot PUSCH
2. Multi-slot PUCCH overlap with single slot PUSCH
3. Multi-slot PUCCH overlap with multi-slot PUSCH

In RAN1 #92, the following was agreed for case 1.
Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission

At least when starting symbol of PUCCH and PUSCH are aligned in one of the slot, it is reasonable to extend the above agreements to case 2 and case 3. It can be still further study how to handle case 1/2/3 with different starting symbol between PUCCH and PUSCH channels. 


[bookmark: _Ref506457964]Figure 3: Partial overlap of PUCCH and PUSCH with the same starting symbol
Proposal 3: In case a multi-slot slot PUCCH overlap with a single-slot or multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission
· If the staring symbol of PUCCH and PUSCH are not aligned in a slot, follow the same proposal in the case of single slot PUCCH partially colliding with single slot PUSCH.
A-CSI reports per slot 
In RAN1 #92, the following was agreed in MIMO session 
Agreements:
· For the uplink non-CA case, a UE is not expected to transmit more than one aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols. 
· For the uplink CA case, the number of aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols is to be decided in the UL control session
There is an FFS in the above agreements to decide the number of A-CSI reports can be transmitted in one slot in CA. In our view, this FFS is already resolved according to 38.214 V15.0.1. In Section 5.2.1.5.1, it says “A UE is not expected to receive more than one aperiodic CSI report request for a given slot.” Therefore, for a given UL transmission slot, UE expects only one A-CSI request triggering CSI for that slot. In other words, the scenario in Figure 4 is not allowed according to NR spec. Furthermore, allowing more than one A-CSI requests for a UL slot in Figure 4 unnecessarily complicates system design. First of all, due to missing DCI issue, UE and eNB may have different assumption of how many A-CSI reports should be transmitted in a slot. Secondly, even without missing DCI, there are still quite some open issues such as putting multiple reports on which CC and in what ordering. Resolving these open issues has large spec impact. Third, when HARQ-ACK multiplexed on PUSCH, with multiple A-CSI requests, rule needs to be defined to decide multiplex HARQ-ACK on which PUSCH with A-CSI. And we need mechanism to make sure eNB and UE have the same understanding about HARQ-ACK is multiplexed on which PUSCH due to missing DCI. Last but not least, there is no strong motivation for eNB to trigger multiple A-CSI reports on different CCs using multiple DCIs. Instead, eNB can use a single DCI to trigger a single A-CSI report to request CSI for all the interested CCs. 



[bookmark: _Ref510803917][bookmark: _Ref510803921]Figure 4: Back-to-back CSI requests trigger multiple CSI reports for the same UL slot is not allowed according TS 38.214 spec.
Therefore, we have the following proposal for A-CSI reports.
Proposal 4: It is clarified that based on 38.214 V15.0.1, for a given slot, UE is not expected to transmit CSI report(s) triggered by more than one CSI requests received in multiple DCIs, in both CA and non-CA scenarios. 
· No spec update is necessary.
Signalling details for UCI-only on PUSCH without UL-SCH
There are two aspects need to be addressed regarding modulation order determination for UCI on PUSCH without UL-SCH.
· How does UE determine the received UL grant is to trigger A-CSI without UL-SCH or with UL-SCH. 
· How to does UE decide modulation order and code rate for UCI only on PUSCH without UL-SCH. 

In RAN1 #92[7], the following agreements were made regarding UCI-only on PUSCH without UL-SCH.
Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signaled.

There is a problem in the above agreement. In the scenario of A-CSI-only on PUSCH, since A-CSI payload size is determined by UE, UE needs to handle small payload size with high modulation order and large RB allocation signalled by eNB. For example, UE may need to transmit 10 bits information bits with 10 RB and 256QAM. This combination is meaningless. But UE still needs to support this in modem implementation, testing, and commercialization. Therefore, we propose add some constraint on the coding rate to solve this problem. 
Proposal 5: UE is not expected to transmit A-CSI on PUSCH without UL-SCH, if the actual coding rate for CSI-part 1 is smaller than T_m for a modulation order m.
· When A-CSI is dropped, HARQ-ACK if exists is transmitted on PUCCH resource.
· FFS the value of T_m for each modulation order m
 
Another open issue on this topic is how A-CSI only without UL-SCH on PUSCH is triggered. A few solutions to this open issue were discussed in RAN1#92 meeting.  
· Option A: A DCI format scheduling PUSCH includes an ‘UL-SCH indicator’ field of 1 bit. 
· Option B: Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data 
· NDI bit is toggled compared to the previous transmission for the same HARQ process and RV is set to 0 combined with IMCS = {[28], 29, 30, 31} to indicate the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM, 64QAM and [256QAM] respectively.

Option A adding a specific field of 1 bit in UL DCI to indicate the PUSCH is with UL-SCH or not. The solution can work but introduced unnecessary overhead to DCI. Option B can save the 1 bit overhead by allow implicit signalling. The drawbacks of option B are the following
· NDI toggle is not memoryless. When UE switch to a new BWP, there is no previous transmission to compare NDI with. Therefore, eNB cannot trigger A-CSI report right away after switch BWP, which however should be the right thing to do because eNB may want to get a CSI report right after switch BWP before schedule DL transmission. Another issue with NDI memory is that UE can mis-interpret retransmission DCI as CSI-only on PUSCH or vice versa when UE missed DCI, because UE has a confusion which DCI is the previous DCI that it should compare with the decide NDI toggled or not. 
· Since all four special MCS entries {[28], 29, 30, 31} are utilized to share between signalling retransmission vs A-CSI only, all four MCS can be impacted by the NDI memory issue. 
· All HARQ IDs can be potentially used to signal A-CSI only, the memory issue on NDI toggle can occur on every HARQ ID. 

Schedule A-CSI with UL fall back DCI 0_0
In current 38.212 [5], DCI format 0_0 does not have a field to trigger A-CSI. It is necessary to add this functionality in NR so that for UEs in fallback mode, A-CSI can be triggered to report CSI to base station. This function is supported in LTE to trigger A-CSI for UEs who monitors PDCCH common search space. It is important to keep the same functionality in NR. 
Proposal 6: Add 1 bit CSI request field in DCI 0_0. 
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For UCI piggyback on PUSCH, we have the following proposals.
Proposal 1: For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol, adopt the proposals in the table below
	SP-CSI on PUSCH
	A-CSI-only on PUSCH
	HARQ-ACK
	SR
	PUSCH with UL-SCH
	Proposal

	
	*
	
	*
	
	Drop A-CSI-only on PUSCH, transmit SR.

	
	*
	*
	*
	
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK 

	*
	
	
	*
	
	Drop SP-CSI on PUSCH, transmit SR

	*
	
	*
	
	
	Multiplex HARQ-ACK on SP-CSI on PUSCH

	*
	
	*
	*
	
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR 

	*
	
	
	
	*
	Drop SP-CSI on PUSCH



· FFS when the starting symbols among UL transmissions are different in the above scenarios.

Proposal 2: For eMBB services, when a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 
· FFS: how to handle low latency transmission (e.g. URLLC) based on priority ordering
Proposal 3: In case a multi-slot slot PUCCH overlap with a single-slot or multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission
· If the staring symbol of PUCCH and PUSCH are not aligned in a slot, follow the same proposal in the case of single slot PUCCH partially colliding with single slot PUSCH.

Proposal 4: It is clarified that based on 38.214 V15.0.1, for a given slot, UE is not expected to transmit CSI report(s) triggered by more than one CSI requests received in multiple DCIs, in both CA and non-CA scenarios. 
· No spec update is necessary.
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Proposal 5: UE is not expected to transmit A-CSI on PUSCH without UL-SCH, if the actual coding rate for CSI-part 1 is smaller than T_m for a modulation order m.
· When A-CSI is dropped, HARQ-ACK if exists is transmitted on PUCCH resource.
· FFS the value of T_m for each modulation order m

Proposal 6: Add 1 bit CSI request field in DCI 0_0. 
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