[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #90                                       	                                  R1-1713945
Prague, Czechia, 21th – 25th August 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	UCI on PUSCH
[bookmark: Source]Agenda Item:	6.1.3.2.5.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#89 and NR Ad-Hoc#2 meetings, following agreements were made [1-2]:
	Agreements:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.

Conclusions:
· Continue further study of UCI piggyback of following options:
· Opt.1: For all types of UCI, UL data is rate-matched.
· FFS: the case where UE missed the DL assignment.
· Opt.2: For all types of UCI, UL data is punctured.
· [bookmark: _Hlk484631786]Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· FFS: handling of large HARQ-ACK payload
Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.


In this contribution, we show initial views on UCI on PUSCH.
2. UCI mapping pattern on PUSCH
The primary motivation to enable UCI on PUSCH in the LTE was to keep low PAPR by multiplexing UCI and UL-SCH onto the same channel before DFT-spreading. At the RAN1#89 meeting, it was confirmed that for NR, the UCI on PUSCH is supported not only for DFT-s-OFDM waveform but also for CP-OFDM waveform. This is because simultaneous PUCCH-PUSCH transmission may increase not only PAPR but also IMD, which would require large power back-off, resulting in coverage reduction.
For designing UCI mapping pattern on PUSCH, following aspects should be taken into account:
· Waveform for PUSCH transmission: DFT-s-OFDM waveform or CP-OFDM waveform;
· Data RE mapping order: time-first, frequency-second or frequency-first, time-second;
· Options for UCI piggyback on PUSCH: puncturing or rate-matching;
· Latency and reliability requirements of the UCI.
For the PUSCH waveform, when DFT-s-OFDM waveform is used and intra-slot frequency hopping (FH) is enabled, straightforward approach is that the data RE mapping is time-first and frequency-second manner in order to achieve the frequency hopping gain; otherwise, the gain of intra-slot FH is only limited to small TB size including only one CB; when CP-OFDM waveform or DFT-s-OFDM waveform without intra-slot FH is used for PUSCH transmission, the data RE mapping can be frequency-first and time-second. For CP-OFDM waveform, in order to obtain the frequency diversity gain, UCI should be mapped over various subcarrier positions of a given PUSCH in a frequency-distributed manner. Different data RE mapping order may be applied to different waveform, and the UCI mapping rule/pattern should take the data mapping order into account. Especially if the UCI piggyback is puncturing the data, different UCI mapping rule/pattern results in different impacts on the decoding performance of the data. More specifically, as shown in Figure 1(a), if the data mapping is frequency-first, then frequency-first UCI mapping damages a specific code-block. The UCI mapping should take into account that the performance impacts of the UCI mapping are averaged onto all the code-blocks as illustrated in Figure 1(b). It is noted that if the UCI piggyback adopts rate-matching, there is no problem on a specific code-block, while there is issue on miss detection of the DL assignment requiring HARQ-ACK feedback. Details on whether puncturing or rate-matching is used for UCI piggyback on PUSCH is discussed in Section 4.                
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(a) Frequency-first		                	     	(b) Time-first
Fig. 1.	Possible data mapping for PUSCH with/without intra-slot frequency-hopping.
Regarding the requirement of the UCI, if the latency is important, then the UCI mapping should be done in frequency-first mapping and at the earlier symbol positions; Otherwise, time-first mapping can be considered to improve the coverage. 
In addition, as agreed at the last RAN1 meeting that NR supports both slot-based and non-slot-based scheduling. For non-slot-based scheduling, data can start the transmission at any OFDM symbol and can span various number of OFDM symbols e.g., 1 ~ (slot length - 1). Therefore, for downlink data non-slot-based scheduling, the timing of the scheduling DCI and the scheduled PDSCH can be highly flexible, correspondingly, the HARQ-ACK feedback timing should be flexible. For uplink, the PUSCH transmission timing for non-slot-based scheduling should also be flexible. Whether to align the transmission timing and/or the duration of the PUSCH and the UCI feedback needs to be discussed. 
One option is to ensure the alignment for the transmission timing and/or duration of a PUSCH and a PUCCH for UCI piggyback by gNB; Or UE assumes the transmission timing and/or duration of a PUSCH and a UCI scheduled by DCI or configured by RRC is aligned. Then when the PUSCH transmission and a UCI transmission are overlapped/collide, the UE piggybacks the UCI into the PUSCH with a predefined mapping pattern and the mapping pattern does not take into account the transmission timing/duration difference between the PUSCH and the UCI. One example is given in Figure 2. 
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Figure 2. Aligned transmission timing and/or duration for UCI and PUSCH
The other option is to support different transmission timing and/or duration of a PUSCH and a PUCCH for UCI piggyback. As shown in Figure 3, following four cases need to be considered.
· Case 1 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 2 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
· Case 3 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 4 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
[image: ]
Figure 3. Cases for non-aligned transmission timing and/or duration for UCI and PUSCH
For above four cases, the UCI mapping pattern can be defined for a given combination of following factors:
· PUSCH transmission timing/duration
· UCI transmission timing/duration
· UCI type (HARQ-ACK, CSI, SR, etc)
For case 1 and case 2, the start position for UCI piggyback on PUSCH may be restricted by the transmission timing of PUCCH considering the needed time for UCI processing and the symbols in time domain can be used for UCI transmission is restricted by the transmission duration of PUSCH; for case 3 and case 4, both the start position and transmission duration for UCI piggyback on PUSCH is restricted by the transmission timing and duration of PUSCH. Figure 4 show examples for possible mapping patterns. 
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[bookmark: _GoBack]Figure 4. Examples for UCI mapping patterns
Proposal 1:
· When design UCI mapping patterns, following aspects should be considered.
· Waveform used for PUSCH
· Data RE mapping order
· UCI piggyback on PUSCH using puncturing or rate-matching
· Latency and reliability requirements of the UCI
Proposal 2:
· At least for non-slot based scheduling for both downlink and uplink, the transmission timing and transmission duration of a PDSCH/PUSCH and a UCI should be flexible.
· The starting symbol in time-domain that a UCI can use on PUSCH is restricted by the transmission timing of PUCCH for the UCI and the PUSCH where the UCI is piggybacked on the PUSCH.
· The number of symbols in time-domain that a UCI can use on PUSCH is restricted by the transmission duration of the PUSCH where the UCI is piggybacked on the PUSCH.
3. UCI re-direct to short-PUCCH which is TDMed with the PUSCH
Besides UCI piggyback on PUSCH, there is another way to handle UCI such that it does not increase PAPR or IMD; UCI re-direction to short-PUCCH which is TDMed with the PUSCH overlapped with the originally scheduled PUCCH. In this case, UCI mapping and the performance does not depend on PUSCH structure/resource allocation/waveform. Besides, transmit power can be fully available to the UCI transmission on the symbol. The impact of short-PUCCH transmission to the PUSCH is PUSCH shortening (i.e., rate-matching). Such PUSCH shortening is anyway necessary to enable SRS/short-PUCCH multiplexing in the same slot and can be realized by the starting position/duration indication included in the scheduling DCI [3]; the short-PUCCH delivering the UCI can be mapped at least on either beginning or end of the slot (FFS middle of the slot). Finally, UCI re-direct to short-PUCCH is realized irrespective of whether the PUSCH transmission starting position/duration, e.g., 1-symbol, 2-symbol, …, 13-symbol. Therefore, this simplifies the design of UCI transmission while easy to ensure the performance of both UCI and UL-SCH. We propose to support the UCI re-direct to short-PUCCH which is TDMed with the PUSCH. 
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Figure 5. UCI re-direct to short-PUCCH which is TDMed with the PUSCH.

Proposal 3:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.
4. UCI piggyback on PUSCH by puncturing/rate-matching
Generally, there are two approaches for UCI piggyback; rate-matching the UL data and puncturing the UL data. If the HARQ-ACK multiplexing on PUSCH uses puncturing, as already discussed, the UCI mapping pattern needs to be designed such that the decoding performance across CBs is almost the same. For HARQ-ACK having small payload size, puncturing would not cause decoding failure of the PUSCH if proper UCI mapping pattern takes data RE mapping into consideration. However, if the payload size of the HARQ-ACK is large, using puncturing would severely degrade the PUSCH decoding performance. In this case, rate-matching should be used for HARQ-ACK piggybacked on PUSCH. Therefore, a threshold for the HARQ-ACK payload or a threshold for the ratio between the HARQ-ACK payload and the UL-SCH payload can be defined or configured; If the HARQ-ACK payload or the ratio exceeds the threshold, the HARQ-ACK is multiplexed on PUSCH by rate-matching; otherwise, puncturing is used for HARQ-ACK multiplexed on PUSCH. Alternatively, regardless of the HARQ-ACK/UL-SCH payloads, UE can be configured with either puncturing or rate-matching for HARQ-ACK multiplexed on a PUSCH. In this case, gNB should take the results when making the configuration. 
Proposal 4:
· Following options can be considered when HARQ-ACK needs to be multiplexed on PUSCH.
· Option 1: define/configure a threshold for the HARQ-ACK payload or for the ratio between the HARQ-ACK payload and the UL-SCH payload;
· If the HARQ-ACK payload or the ratio exceeds the threshold, the HARQ-ACK is multiplexed on PUSCH by rate-matching; 
· Otherwise, puncturing is used for HARQ-ACK multiplexed on PUSCH
· Option 2: UE is configured with either puncturing or rate-matching if/when HARQ-ACK is multiplexed on a PUSCH, regardless of the HARQ-ACK/UL-SCH payloads.
There is an issue for HARQ-ACK rate-matching on UL-SCH that UE may miss the DL assignments. Therefore, gNB is required to blindly check whether the HARQ-ACK is actually multiplexed, by decoding data with two different rate-matching hypotheses. In order to reduce gNB detection complexity, whether HARQ-ACK is multiplexed or not can be informed by the UL grant scheduling the PUSCH or other implicit ways like power-boosting the UCI symbols within the PUSCH or using different phase-shifting/scrambling for the UCI within the PUSCH.  
Proposal 5:
· If HARQ-ACK multiplexed on PUSCH uses rate-matching, gNB can identify whether HARQ-ACK is multiplexed or not by explicit or implicit way.
· Explicit way: based on L1 signalling indication;
· Implicit way: power-boosting the UCI symbols within the PUSCH or using different phase-shifting/scrambling for the UCI within the PUSCH etc.
For CQI/RI, as long as the UCI transmission is indicated by the UL grant scheduling the PUSCH or the UCI transmission is configured by higher-layer, it is possible to rate-match the UL-SCH. Therefore, following proposal can be made:

5. Conclusion
In this contribution, we discussed UCI on PUSCH and proposed following:
Proposal 1:
· When design UCI mapping patterns, following aspects should be considered.
· Waveform used for PUSCH
· Data RE mapping order
· UCI piggyback on PUSCH using puncturing or rate-matching
· Latency and reliability requirements of the UCI
Proposal 2:
· At least for non-slot based scheduling for both downlink and uplink, the transmission timing and transmission duration of a PDSCH/PUSCH and a UCI should be flexible.
· The starting symbol in time-domain that a UCI can use on PUSCH is restricted by the transmission timing of PUCCH for the UCI and the PUSCH where the UCI is piggybacked on the PUSCH.
· The number of symbols in time-domain that a UCI can use on PUSCH is restricted by the transmission duration of the PUSCH where the UCI is piggybacked on the PUSCH.
Proposal 3:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.
Proposal 4:
· Following options can be considered when HARQ-ACK needs to be multiplexed on PUSCH.
· Option 1: define/configure a threshold for the HARQ-ACK payload or for the ratio between the HARQ-ACK payload and the UL-SCH payload;
· If the HARQ-ACK payload or the ratio exceeds the threshold, the HARQ-ACK is multiplexed on PUSCH by rate-matching; 
· Otherwise, puncturing is used for HARQ-ACK multiplexed on PUSCH
· Option 2: UE is configured with either puncturing or rate-matching if/when HARQ-ACK is multiplexed on a PUSCH, regardless of the HARQ-ACK/UL-SCH payloads.
Proposal 5:
· If HARQ-ACK multiplexed on PUSCH uses rate-matching, gNB can identify whether HARQ-ACK is multiplexed or not by explicit or implicit way.
· Explicit way: based on L1 signalling indication;
Implicit way: power-boosting the UCI symbols within the PUSCH or using different phase-shifting/scrambling for the UCI within the PUSCH etc.
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