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Introduction
It has been agreed to support both simultaneous transmission of PUSCH and PUCCH and UCI on PUSCH [1]. Besides the high-level agreement to support UCI on PUSCH no details have been defined yet. In this paper we discuss some issues related to UCI on PUSCH.
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Waveform dependency
LTE UL uses DFTS-OFDM waveform which has low PAPR and by that enables good coverage. Transmission of two independent waveforms would increase PAPR resulting in more required power back-off and reduced coverage. Therefore, LTE specified UCI on PUSCH which is used if UE is requested to transmit PUSCH and UCI simultaneously (in Rel-10 this has been relaxed and simultaneous transmission of PUSCH and PUCCH has been introduced). For UCI on PUSCH, UCI which in the absence of PUSCH would have been transmitted on PUCCH is rerouted to PUSCH and rate matched/punctured (depending on UCI type) into PUSCH.
DFTS-OFDM waveform has been adopted in NR to improve coverage for power-limited terminals. For DFTS-OFDM PUSCH it makes sense to maintain low PAPR even if UCI should be transmitted simultaneously with PUSCH to maintain coverage. UCI on PUSCH for DFTS-OFDM-based PUSCH is an attractive candidate for simultaneous transmission of PUSCH and UCI. Simultaneous transmission of PUSCH and PUCCH is less attractive since this would increase PAPR and reduce coverage. 
OFDM has already a high PAPR which does not increase if PUCCH is transmitted simultaneously. One drawback of simultaneous PUSCH and PUCCH is the required power back-off to avoid intermodulation products if PUSCH and PUCCH resources are far separated in frequency-domain. To avoid this problem companion contribution [2] proposes to move long PUCCH close/inside PUSCH resources. However, for very large UCI sizes PUCCH may not provide sufficient payload. It makes therefore sense to define UCI on PUSCH for both DFTS-OFDM and OFDM based PUSCH. However, to keep complexity down and reduce specification development time one should strive for large communality between DFTS-OFDM and OFDM based PUSCH where feasible.
Proposal 1: UCI on PUSCH for DFTS-OFDM and OFDM-based PUSCH are similar where feasible. 
Rate matching vs. puncturing
In LTE, PUSCH modulation symbols are punctured and ACK/NACK information is inserted instead on these modulation symbol positions. Puncturing is used instead of rate matching since a UE may have a missed a DL assignment and is not aware to report ACK/NACK (and thus to insert ACK/NACK on PUSCH). Rate matching combined with a missed DL assignment would lead to different PUSCH mappings assumed in UE and eNB and thus to a failure in PUSCH decoding. For other UCI types such misunderstanding cannot happen and PUSCH is rate matched around resource elements carrying other UCI types. Drawback of puncturing is that it reduces PUSCH performance.
For NR, ACK/NACK payload size can become substantially larger than in LTE with the introduction of code block group (CBG) based HARQ feedback. Assuming carrier aggregation with 10 carriers, 10 ACK/NACK bits per transport block (CBG based HARQ feedback), and TDD where feedback for up to 3 DL slots is report in a single UL slot leads to 300 ACK/NACK bits. In the appendix we show the impact of ACK/NACK puncturing in LTE on PUSCH BLER from which it can be observed that  the loss can be a few dB or even 100 % BLER for highest MCS values. It is therefore proposed to rate match PUSCH around resource elements carrying ACK/NACK. 
Proposal 2: PUSCH is rate matched around ACK/NACK carrying resource elements.
Mapping of UCI to resource elements
In LTE ACK/NACK is mapped in groups of four contiguous modulation symbols (in DFT-spread time-domain) to the four DFTS-OFDM symbols adjacent to DM-RS symbols. The reason to map ACK/NACK to symbols adjacent to DM-RS symbols is a better (less outdated) channel estimate close to DM-RS symbols. In LTE, PUSCH is mapped time-first to resource elements, i.e. one DFTS-OFDM symbol carries multiple code blocks if the transmitted transport block is segmented into multiple code blocks.
It has not yet been decided whether to map NR PUSCH time or frequency-first to scheduled resource elements. However, a lot of attention is put in NR on low latency, both in DL and UL. To enable quick decoding of PUSCH it is preferable to start decoding early, which implies early DM-RS and code blocks mapped in time first. Also on the UE side to enable short UL grant to PUSCH delay it is preferable to map a single or few code blocks to one OFDM symbol and not all code blocks a transport block is segmented into; also favouring time-first mapping.
If we assume time-first mapping, concentrating UCI modulation symbols on contiguous resource elements of few OFDM symbols leads to heavy puncturing of one or few code blocks which would lead to transport block decoding failure (if PUSCH is punctured and not rate matched as proposed above). Even though NR supports CBG-based HARQ feedback UCI on PUSCH should work well without CBG-based feedback. Time-first mapping together with puncturing of PUSCH resource elements for ACK/NACK insertion favours to distribute ACK/NACK modulation symbols over many code blocks to evenly spread puncturing across code blocks. With rate matching of PUSCH this problem neither occurs for time nor frequency-first mapping.
NR is likely to define multiple UL DM-RS pattern. One DM-RS pattern could contain only a front-loaded DM-RS to support early decoding. For high Doppler scenarios and/or low SNR additional (later) DM-RS resource elements are inserted. In LTE, ACK/NACK modulation symbols are mapped to modulation symbols adjacent to DM-RS with the aim to improve performance. Following the same design guideline would require to design and test multiple ACK/NACK resource element mappings, one for each uplink DM-RS mapping. From a gNB scheduler perspective it is preferable if the DM-RS can be allocated based on PUSCH performance requirements alone, not also considering UCI on PUSCH performance. It is preferable to design UCI on PUSCH based on the front-loaded DM-RS pattern; DM-RS resource elements in later symbols can neither be assumed to be there nor can UCI be mapped to those resource elements (since DM-RS might be transmitted on them). This implies UCI on PUSCH with front-loaded DM-RS must perform well enough even in challenging SNR or Doppler scenarios. 
Proposal 3: A UCI on PUSCH design independent of actual uplink DM-RS pattern is the baseline. DM-RS-pattern-dependent UCI on PUSCH designs are only considered if substantial performance gains can be shown. 
For OFDM-based PUSCH, DM-RS might follow a comb pattern with resource elements in-between used for data. For DFTS-OFDM-based PUSCH this should be avoided since otherwise the single-carrier property is lost. This implies for UCI on PUSCH design that symbols carrying DM-RS should be avoided for UCI mapping to avoid diverging designs for OFDM and DFTS-OFDM. 
Proposal 4: UCI is not mapped to OFDM symbols carrying DM-RS.
For OFDM-based PUSCH, UCI needs to be mapped on resource elements that are distributed across the PUSCH bandwidth to harvest frequency-diversity. For DFTS-OFDM-based PUSCH the mapping is done prior to DFT-spreading in time-domain and hence frequency-diversity is automatically obtained. To maintain similarity between OFDM and DFTS-OFDM-based PUSCH, UCI is mapped on distributed modulation symbols prior to DFT-spreading with the same distribution pattern as for OFDM.
Proposal 5: For OFDM-based PUSCH, UCI is mapped to resource elements that are distributed across the PUSCH bandwidth.
Proposal 6: For DFTS-OFDM based PUSCH, UCI is mapped to modulation symbols that are distributed (prior DFT-spreading) with the same distribution pattern as for OFDM. 
Conclusion
In this contribution we discuss our view on UCI on PUSCH and propose:
Proposal 1: UCI on PUSCH for DFTS-OFDM and OFDM-based PUSCH are similar where feasible.
Proposal 2: PUSCH is rate matched around ACK/NACK carrying resource elements.
Proposal 3: A UCI on PUSCH design independent of actual uplink DM-RS pattern is the baseline. DM-RS-pattern-dependent UCI on PUSCH designs are only considered if substantial performance gains can be shown.
Proposal 4: UCI is not mapped to OFDM symbols carrying DM-RS.
Proposal 5: UCI is mapped to resource elements that are distributed across the PUSCH bandwidth.
Proposal 6: For DFTS-OFDM based PUSCH, UCI is mapped to modulation symbols that are distributed (prior DFT-spreading) with the same distribution pattern as for OFDM. 
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Appendix
We present here the simulation results showing the impact of ACK/NACK puncturing on PUSCH performance.
Table 1	Simulation assumptions
	Parameter
	Value

	System bandwidth
	20 MHz

	PUSCH bandwidth
	10 PRB

	Channel model
	EVA 5 km/h

	Resource elements punctured by ACK/NACK
	36 resource elements in each of PUSCH symbols #2, #4, #9, and #11, i.e. 144 resource elements in total (equivalent number to 1-PRB PUCCH Format 4)
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[bookmark: _Ref481741730]Figure 1	PUSCH performance without ACK/NACK puncturing
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[bookmark: _Ref481741737]Figure 2	PUSCH performance with ACK/NACK puncturing
Comparing Figure 1 and Figure 2 shows that puncturing leads to a performance loss of at least 1 dB for all MCSs with 16 QAM or 64QAM. The losses increase with higher coding rates. MCS 27 suffers very high performance losses and MCS 28 has 100 % BLER and is not useable at all.
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