[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #92bis		  	 R1-1805053
Sanya, China, April 16th – 20th, 2018

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	UCI multiplexing on PUSCH
[bookmark: Source]Agenda Item:	7.1.3.2.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, we address remaining issues for r UCI multiplexing on PUSCH.
2. UCI multiplexing on 1-symbol PUSCH and 2/3-symbol PUSCH with FH
In RAN1 NR#AH1801 meeting [1], the following agreements were reached for UCI on PUSCH rules:
Agreements:
· It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS
· This applies to the case regardless of whether UL-SCH is present on PUSCH or not

Huawei has a strong concern over the above clarification w.r.t. performance of UCI on PUSCH especially for the case of when UL-SCH is not present on PUSCH

However, it is not clear whether the above agreement considered 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping (FH). With the above agreements if the PUSCH is 1-symbol duration, the current specification does not work. For 2-symbol PUSCH, clearly there is the same issue. 3-symbol PUSCH may work but UCI is mapped on one side hop only, which implies UCI cannot achieve frequency hopping gain and then BLER of UCI becomes worse than the gNB’s expectation. Thus, the following alternatives should be considered.
If PUCCH collides 1-symbol PUSCH or 2/3 symbol PUSCH with FH,
Alt 1: The PUSCH is dropped and the PUCCH is transmitted,
Alt 2: FDM between UCI and DMRS is allowed.
Both solutions can be adopted for NR Rel-15, but Alt 1 causes to degrade system performance. gNB needs to schedule PUCCH or PUSCH such that collision does not occur, which could result in UL data scheduling delay if DL data traffic is high. On the other hand, Alt 2 does not have the above issues. PAPR increase is not the concern, since 1-symbol PUSCH or 2/3-symbol PUSCH with FH is available only with CP-OFDM waveform.  Therefore, we prefer to Alt 2, i.e. FDM between UCI and DMRS should be allowed for 1-symbol PUSCH or 2/3 symbol PUSCH with FH.
Observation 1:
· The current specification does not allow FDM between UCI and DMRS for UCI multiplexing on PUSCH, however the system does not work for 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping.
· For 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping, the following alternatives should be considered.
· Alt 1: The PUSCH is dropped and the PUCCH is transmitted.
· Alt 2: FDM between UCI and DMRS is allowed.
Proposal 1:
· FDM between UCI and DMRS should be allowed for 1-symbol PUSCH or 2/3 symbol PUSCH with FH

3. Partial overlap between different uplink transmissions
In RAN1#92 meeting [2], the following agreements were reached for PUCCH-PUSCH overlapping:
Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

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 

Still we need to discussion for partial overlap between different uplink transmissions within a carrier or across carriers, i.e. a PUCCH overlapped with a PUSCH with the different starting symbol. Aligning with the rule for PUCCH-PUSCH overlapping with the same starting symbol is better in terms of scheduling flexibility. However, UCI multiplexing on on-going PUSCH increases implemental complexity. No additional UE capability can be defined, hence it is not feasible for Dec. version of NR Rel-15 to allow occurring another transmission in the middle of on-going transmission. Jun. version of NR Rel-15, which focuses on URLLC, is better to support in simple solution. The similar discussions are in [3]. Further enhancement may be considered as part of NR Rel-16.
Proposal 2:
· Dec. version of NR Rel-15 does not allow occurring another transmission in the middle of on-going transmission. Jun. version of NR Rel-15 should support.

4. Details of UCI on PUSCH without UL-SCH
In RAN1#92 meeting [2], the following agreements were reached for UCI 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 signalled.

Still we need to discuss 
- How to indicate UCI multiplexing on PUSCH without UL-SCH,
- Modulation and coding rate.
In LTE, UCI multiplexing on PUSCH without UL-SCH is indicated by implicit way, i.e., using some fields of a DCI format fir a given DCI format; MCS index (I_MCS), the numbers of TBs/layers, “CSI request” field, and the number of scheduled PRBs (N_PRB). In detail, UE transmits UCI on PUSCH without UL-SCH when the following bullets are satisfied:
- DCI format, I_MCS, the numbers of TBs/layers satisfy either of the sub-bullets
- DCI format 0, I_MCS=29
- DCI format 4, I_MCS=29, 1 TB, the number of layers = 1
- CSI request field and N_PRB satisfy either of the sub-bullets
- 1bit “CSI request” field triggers A-CSI reporting, N_PRB<=4
- 2bits “CSI request” field triggers A-CSI reporting for one serving cell, N_PRB<=4
- 2bits “CSI request” field triggers A-CSI reporting for more than one serving cell, N_PRB<=20
In these conditions, the modulation order is always set to Q_m=2, i.e. QPSK.
Basically, NR can use the similar way, hence special combination of existing fields in DCI indicates UCI multiplexing on PUSCH without UL-SCH implicitly. Adding new field in DCI also enable to indicate that, though overhead increases and there is not advantage at all. Implicit way is feasible for NR as well. In the implicit indication way, at first, DCI format 0_1 should be used. UCI multiplexing on PUSCH is also triggered by “CSI request” field, which is included in DCI format 0_1 only. Of course, the “CSI request” field should be used for the implicit indication. 
Additionally, aligned with LTE, I_MCS indicated by “Modulation and coding scheme” field can be used. It is noted that the higher modulation orders than LTE should be available for the transmission in NR. When available resources are limited but channel condition allows to use higher modulation orders, UCI on PUSCH without UL-SCH can be scheduled if the higher modulation orders are supported. How to indicate UCI on PUSCH without UL-SCH should be considered with QPSK, 16QAM, 64QAM, 256QAM, hence I_MCS=28~31 with 256 QAM and I_MCS=29~31 without 256 QAM should be one of the indication factors. In other words, I_MCS indicates UCI on PUSCH without UL-SCH and also the modulation order for the transmission.
For the number of layers, if more than one layers are admitted, further study is required as mapping rule. Some gain may be able to be achieved form more than one layers, but it is not essential for NR Rel-15. Easy enhancement without any effect on the other features is assumed for the future specification, hence the number of layers=1 is feasible. Compared to LTE, NR should have the difference for N_PRB restriction, i.e. N_PRB restriction as LTE should not be included in NR. Instead of N_PRB, “New data indicator” (NDI) field can be utilized as the indicator of UCI multiplexing on PUSCH without UL-SCH. “NDI” field indicates whether the transmission is initial transmission. I_MCS=28~31 or 29~31 will always be used for HARQ retransmission, so if “NDI” field indicates it is initial transmission but I_MCS=29~31, UE can know the DCI has special combination. Note that NDI is toggled when new data is transmitted but if NDI is used for the indication, toggling does not work, hence the use of NDI may be not good. Further discussion may be needed. For forward compatibility, in other wards for other functions with DCI special combinations, “Redundancy version” field and/or “HARQ process number” field are also used for the indication.
Thus, in NR, UE should transmit UCI on PUSCH without UL-SCH when the following bullets are satisfied:
- DCI format 0_1
- I_MCS=28~31 with 256 QAM or I_MCS=29~31 without 256 QAM
- NDI indicates new data
- The number of layers=1
- (“Redundancy version” field and/or “HARQ process number” field)
Some fields in the DCI will not be used for UCI on PUSCH without UL-SCH. These fields can be reused as a part of the other fields, for example when PTRS is configured at higher layer but PTRS is not used for UCI on PUSCH without UL-SCH (depending on PTRS agenda), “PTRS-DMRS association” field is unnecessary and can be used for “TPC command for scheduled PUSCH” field to achieve higher accuracy or wider range. For further improvement of performance, the reuse as the above can be considered for e.g. the following fields:
- “UL/SUL indicator” field
- “CBG transmission information” field
- “PTRS-DMRS association”
The other fields are assumed to be used for UCI on PUSCH without UL-SCH in the same way as UCI on PUSCH with UL-SCH.
Proposal 3:
· UE transmits UCI on PUSCH without UL-SCH when the following bullets are satisfied.
· DCI format 0_1
· I_MCS=28~31 with 256 QAM or I_MCS=29~31 without 256 QAM
· I_MCS indicates the modulation order for the transmission as well.
· NDI indicates new data
· The number of layers=1
· (“Redundancy version” field and/or “HARQ process number” field for forward compatibility)
· Some fields can be considered to be used as a part of the other fields.
· The use of NDI may have issues because of toggling, which should be considered.

5. Conclusion
Observation 1:
· The current specification does not allow FDM between UCI and DMRS for UCI multiplexing on PUSCH, however the system does not work for 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping.
· For 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping, the following alternatives should be considered.
· Alt 1: The PUSCH is dropped and the PUCCH is transmitted.
· Alt 2: FDM between UCI and DMRS is allowed.
Proposal 1:
· FDM between UCI and DMRS should be allowed for 1-symbol PUSCH or 2/3 symbol PUSCH with FH
Proposal 2:
· Dec. version of NR Rel-15 does not allow occurring another transmission in the middle of on-going transmission. Jun. version of NR Rel-15 should support.
Proposal 3:
· UE transmits UCI on PUSCH without UL-SCH when the following bullets are satisfied.
· DCI format 0_1
· I_MCS=28~31 with 256 QAM or I_MCS=29~31 without 256 QAM
· I_MCS indicates the modulation order for the transmission as well.
· NDI indicates new data
· The number of layers=1
· (“Redundancy version” field and/or “HARQ process number” field for forward compatibility)
· Some fields can be considered to be used as a part of the other fields.
· The use of NDI may have issues because of toggling, which should be considered.
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