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1 Introduction

At the RAN1 NR Adhoc meeting, the following agreements were made with regard to long PUCCH [1]:

· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).

· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

· Intra-slot frequency-hopping is supported

In this contribution, we present our view on UCI multiplexing onto PUSCH for NR.  
2 Discussion on UCI multiplexing onto PUSCH 
2.1 Resource control for UCI

As agreed in the RAN1 NR Adhoc meeting [1], UCI on PUSCH is supported for NR in addition to simultaneous PUCCH and PUSCH transmissions. In LTE, in order to resolve ambiguity issue between eNB and UE due to miss detection of PDCCH carrying DL assignment, HARQ-ACK feedback is punctured into the encoded data bits. In this case, regardless of the presence of HARQ-ACK feedback, eNB may still be able to decode the uplink transmission from non-punctured data symbols. Further, encoded HARQ-ACK symbols are placed on SC-FDMA symbols adjacent to DM-RS position, which can deliver better channel estimation quality and decoding performance. For other UCI types, RI is located on the symbols next to HARQ-ACK symbols by employing a similar mapping scheme, while CQI and PMI are mapped sequentially to all SC-FDMA symbols in a time-first manner using same modulation scheme as data transmission. 

In LTE, the amount of resources for UCI on PUSCH is determined according to the parameters which are configured by higher layer signalling. A similar mechanism can be applied to the UCI embedding in NR as well. More specifically, rate matching parameters for each of the UCI types can be configured by the network considering target performance requirement for the corresponding UCI type. For the configured values of the respective rate matching parameters, the number of repetitions of the embedded UCI symbols varies depending on MCS applied to the UL data, as transmit power of the PUCCH is affected by the scheduled MCS. 
For NR, both CP-OFDM and DFT-s-OFDM based waveforms are supported for uplink data transmission. In order to minimize specification and implementation effort, it is more appropriate to define a unified resource mapping for UCI on PUSCH regardless of the waveforms employed for PUSCH transmission. 

Proposal 1
· A unified resource mapping rule for UCI on PUSCH is preferred for CP-OFDM and DFT-s-OFDM based waveforms. 

· Rate matching (repetition) factor can be separately configured for each UCI type.
2.2 HARQ-ACK on PUSCH
For HARQ-ACK feedback, similar design principle as in LTE can be applied for NR, i.e., puncturing the encoded data bits, which can help to address rate-matching misalignment issue between gNB and UE. With regard to resource mapping for encoded HARQ-ACK symbols, two options can be considered for NR as listed below: 
· Option 1: the encoded HARQ-ACK symbols can be mapped in a frequency first manner, starting from the first symbol after DM-RS. With front-loaded DM-RS structure, this frequency first mapping can provide more robust channel estimation performance and meanwhile allow more time for gNB to process HARQ-ACK feedback and generate PDCCH with DL assignment and PDSCH with new transmission or retransmission. Further, when CP-OFDM waveform is employed for PUSCH transmission, HARQ-ACK feedback can be mapped in a distributed fashion within the allocated resource so as to exploit the benefit of frequency diversity. 
· Option 2: the encoded HARQ-ACK symbols can be mapped in a time first manner. This can be beneficial in terms of coverage enhancement, especially when considering the scenario for UCI only on PUSCH. In case of narrow-band resource allocation, HARQ-ACK feedback spanning multiple symbols can help to improve the link budget. 
Figure 1 illustrates the time-first and frequency-first mappings for HARQ-ACK feedback on PUSCH. In our view, depending on specific application/service, deployment scenario and UE coverage status, it may be highly desirable to semi-statically configure whether time-first or frequency-first mapping would be employed for HARQ-ACK feedback on PUSCH resource. In addition, the number of symbols used for the transmission of HARQ-ACK symbols on PUSCH may be derived from the rate-matching parameters or configured by higher layers, which can help in achieving an appropriate balance between the coverage improvement and gNB processing time relaxation. 
Regardless of whether time-first or frequency-first resource mapping is employed, HARQ-ACK feedback can be mapped in a distributed manner so as to exploit the benefits of frequency diversity. This is more beneficial for relatively small HARQ-ACK payload size and when large amount of resource is allocated for data transmission. In this case, spreading a few HARQ-ACK symbols among the allocated resources can help to improve the HARQ-ACK detection performance. 
Note that in case when HARQ-ACK symbols are mapped in a frequency-first manner from the beginning of PUSCH, gNB DL scheduler should take into account the latency from the DL data reception to the UL HARQ-ACK feedback and provide sufficient time for the UE in accordance to the UE’s capability, especially compared to sending the HARQ-ACK on short PUCCH.
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Figure 1. Time-first and frequency-first mapping for HARQ-ACK feedback on PUSCH
Proposal 2
· HARQ-ACK punctures data symbols and is mapped in a distributed manner.
· HARQ-ACK is transmitted starting from the first symbol after DM-RS. 

· Whether to employ time-first or frequency-first mapping for HARQ-ACK on PUSCH can be configured by higher layers. 
2.3 Other UCI on PUSCH

In general, similar design principle as in LTE can be applied for other UCI on PUSCH for NR, including RI/CQI/PMI and beam related information. Moreover, additional enhancement may be considered to further improve the performance. The followings summarize the resource mapping schemes for other UCI on PUSCH:
· RI/CQI/PMI and beam related information can rate match around the data symbols.

· To provide more robust performance, RI can be mapped in a similar manner as HARQ-ACK symbols.
· Same modulation scheme as data symbols is employed for CQI/PMI and beam related information. 
· CQI/PMI and beam related information can be mapped in a time first manner. In case of bursty interference including URLLC puncturing eMBB data, the time-first mapping may allow gNB to successfully recover CQI/PMI and potentially beam related information. To further enhance the link level performance by exploiting the benefit of frequency diversity, CQI/PMI and beam related information can be mapped in both edges of allocated resources for PUSCH.
Figure 2 illustrates one example of UCI multiplexing scheme on PUSCH. 
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Figure 2. Multiplexing scheme for UCI on PUSCH
Proposal 3
· RI, CQI/PMI and beam related information can rate-match around data symbols. 

· RI follows a similar mapping scheme as HARQ-ACK feedback.

· CQI/PMI and beam related information are transmitted on both edges of allocated resources for PUSCH. 

For above 6GHz, PT-RS is supported for NR to allow receiver to estimate and compensate for phase noise. Further, additional DM-RS symbols may be inserted in the 2nd part of a slot for high speed scenario. In case when PT-RS and additional DM-RS symbols are present in the slot and when UCI is embedded on PUSCH, UCI can be rate-matched around the PT-RS and additional DM-RS symbols. 

Proposal 4
· UCI can be rate-matched around PT-RS and additional DM-RS symbol(s) if present. 
3 Conclusions

In this contribution, we shared our view on UCI multiplexing onto PUSCH for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· A unified resource mapping rule for UCI on PUSCH is preferred for CP-OFDM and DFT-s-OFDM based waveforms. 

· Rate matching (repetition) factor can be separately configured for each UCI type.
Proposal 2
· HARQ-ACK punctures data symbols and is mapped in a distributed manner.
· HARQ-ACK is transmitted starting from the first symbol after DM-RS. 

· Whether to employ time-first or frequency-first mapping for HARQ-ACK on PUSCH can be configured by higher layers. 
Proposal 3
· RI, CQI/PMI and beam related information can be rate-matched around the data symbols. 

· RI follows a similar mapping scheme as HARQ-ACK feedback.

· CQI/PMI and beam related information are transmitted on both edges of allocated resources for PUSCH. 

Proposal 4
· UCI can be rate-matched around PT-RS and additional DM-RS symbol(s) if present. 
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