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1 Introduction
At the RAN1 #90 meeting, the following agreements were reached regarding multiplexing of UCI and UL data in the same slot [1]:
Agreements:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI

Working assumptions:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.

· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.

· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE. 

In this paper, we further discuss the multiplexing of UCI and UL data on PUSCH.
2 Discussion
UCI mapping on PUSCH
UCI mapping on PUSCH should be based on the specific PUSCH and DMRS design. A common solution for different cases is preferable. 
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Figure 1: UCI and PUSCH mapping on different OFDM symbols
HARQ-ACK and RI can be mapped adjacent to DMRS to get better channel estimation performance, and CQI/PMI can be mapped together with UL data. As shown in Figure 1, when DMRS is front loaded in the first symbol, HARQ-ACK and RI are mapped onto the two edges of the PUSCH allocation. Another solution is that resources for HARQ-ACK and RI are contiguous with RI mapped to the beginning of PUSCH resources. Thus, the position of RI is fixed no matter whether the UE misses the DL assignment. CQI/PMI should have same mapping method with UL data, i.e. if frequency first mapping is used for data, then frequency first mapping should also be used for CQI/PMI.
For a slot having long UL-part, if an additional DMRS symbol is configured, similar UCI mapping method as discussed above can also be used. The difference is that resources for HARQ-ACK and RI can be mapped on either side of these additional DMRS symbols.
Proposal 1: For multiplexing of UCI and UL data on PUSCH,

· HARQ-ACK and RI are mapped adjacent to DMRS;
· CQI/PMI should have same mapping method with UL data.

Reliable multiplexing of HARQ-ACK and UL data on PUSCH
In LTE UL data was punctured when HARQ-ACK feedback was multiplexed in the same PUSCH transmission to avoid a misunderstanding between the gNB and UE on the PUSCH contents in case of a missed DL assignment. The working assumption for rate matching rather than puncturing is targeted at higher HARQ-ACK payloads where excessive puncturing could lead to significant performance degradation for data transmission. 

Regardless of whether HARQ-ACK is transmitted on PUCCH or PUSCH it is necessary to ensure a common understanding between the gNB and UE on the transmitted number of HARQ-ACK bits. Detailed design options are discussed in [2], where the principle of a DAI field from LTE can be reused to ensure reliable PUSCH reception. Secondly, gNB and UE should have common understanding on whether UE has missed all the DL assignments. Although a DAI field in the UL grant can help the UE determine the HARQ-ACK codebook size, in NR it is not presently clear whether downlink data could be scheduled after an UL grant, as shown in Figure 2. In this case the DAI in UL grant cannot indicate the number of DL assignments after the UL grant, and gNB cannot know whether UE missed all the DL assignments. 
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Figure 2: Illustration of PDSCH transmitted after an UL grant with the corresponding HARQ-ACK feedback scheduled in same slot as the PUSCH
The following mechanisms can be considered to ensure reliable multiplexing of HARQ-ACK and UL data on PUSCH.
· Option 1: the gNB informs a UE about the maximum number of PDSCHs that could potentially be scheduled after transmission of an UL grant and having the same UL timing as the PUSCH. This information may be conveyed by either higher layer signaling or physical signaling [3], e.g., DAI field in the UL grant can indicate both the number of PDSCHs transmitted before UL grant with the corresponding HARQ-ACK feedback on PUSCH and the maximum number of PDSCHs that could potentially be scheduled after UL grant and having the same UL timing as the PUSCH, or a separate DCI field can be defined to indicate the maximum number of PDSCHs that could potentially be scheduled after UL grant and having the same UL timing as the PUSCH;
· Option 2: Use 1 bit in UL grant to indicate whether there is HARQ-ACK on PUSCH, if gNB indicate there is HARQ-ACK on PUSCH, then fixed resource is reserved for HARQ-ACK transmission because UE will not know the codebook size if it misses all the DL assignments;
· Option 3: The codebook size can be determined according to counter DAI and total DAI, where counter DAI is the index of scheduled PDSCHs until current slot/mini-slot; total DAI is the total number of PDSCHs need to be acknowledged in the same feedback occasion, and UE indicate whether it missed all the DL assignments by adding 1bit information on DMRS;
· Option 4: UE report the number of received PDSCHs, the information uses separate resource and coding with the HARQ-ACK feedback information;
· Option 5: For downlink data scheduled before UL grant, HARQ-ACK is rate-matched with PUSCH; for downlink data scheduled after UL grant, HARQ-ACK is punctured on PUSCH;
· Option 6: HARQ-ACK timing restrictions: for a PDSCH which is transmitted after an UL grant, the corresponding HARQ-ACK timing cannot point to the same slot as the PUSCH scheduled by the UL grant.
For option 1, the maximum number of PDSCHs scheduled after UL grant and the corresponding HARQ-ACK is transmitted on the PUSCH scheduled by the UL grant is limited. For option 2, fixed resource will always be reserved on PUSCH for HARQ-ACK transmission, which will decrease the spectrum efficiency. For option 3, special design should be considered for DMRS sequences, which may have influence on DMRS performance. For option 4, it has maximum flexibility but complicated design on reported information. For option 5, separate coding needs to be defined for HARQ-ACK feedback for downlink data scheduled before and after the UL grant. Option 6 has the benefit of simplicity but the downside of some scheduling restriction. Comparing the above six options, option 1 is simple and has less limitation on scheduling, hence it is more preferred.
Proposal 2: confirm the working assumption that at least for slot-based scheduling

· For HARQ-ACK payload with more than 2 bits, UL data is rate-matched around HARQ-ACK.

· For HARQ-ACK payload with up to 2 bits, UL data is punctured on symbols carrying HARQ-ACK.

Proposal 3: To ensure reliable multiplexing of HARQ-ACK and UL data on PUSCH, a UE may be informed by the gNB of the maximum number of PDSCHs that could potentially be scheduled after an UL grant and having the same feedback timing as the corresponding PUSCH. It is FFS whether the UE is informed by higher layer or dynamic signaling.
3 Conclusions
This contribution provided some analysis on multiplexing UCI and data on PUSCH. Based on the discussion, we have the following proposals:
Proposal 1: For multiplexing of UCI and UL data on PUSCH,

· HARQ-ACK and RI are mapped adjacent to DMRS;

· CQI/PMI should have same mapping method with UL data.

Proposal 2: confirm the working assumption that at least for slot-based scheduling

· For HARQ-ACK payload with more than 2 bits, UL data is rate-matched around HARQ-ACK.

· For HARQ-ACK payload with up to 2 bits, UL data is punctured on symbols carrying HARQ-ACK.

Proposal 3: To ensure reliable multiplexing of HARQ-ACK and UL data on PUSCH, a UE may be informed by the gNB of the maximum number of PDSCHs that could potentially be scheduled after an UL grant and having the same feedback timing as the corresponding PUSCH. It is FFS whether the UE is informed by higher layer or dynamic signaling.
4 References
[1]. Chairman’s Notes, RAN1 #90, Aug 21 – 25, 2017

[2]. R1-1715825, “Discussion on DL/UL scheduling and HARQ management”, CATT
[3]. R1-1712195, “UCI piggyback on PUSCH”, Huawei, HiSilicon
PAGE  

_1566220877.vsd
�

￼�

文本�

DMRS


HARQ-ACK


RI


CQI/PMI


Data


frequency


time



_1566220879.vsd
文本�

�

HARQ-ACK feedback for PDSCH


PDCCH


PDSCH


PUSCH


HARQ-ACK feedback for PDSCH


UL grant scheduling PUSCH


Slot #n�

Slot #n+1�

Slot #n+2�

Slot #n+3�

Slot #n+4�


