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Introduction
Based on the following agreements, it has been agreed to support both simultaneous transmission of PUSCH and PUCCH and UCI on PUSCH; it was confirmed to support UCI on PUSCH for both DFTS-OFDM and OFDM based PUSCH. On the UL DMRS design which is relevant to this topic, some progress has also been made in the previous meeting and the relevant agreements are cited below.
Agreements [1]:
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

Agreements [2]:
· 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 [2]:
· Continue further study of UCI piggyback of following options:
· Opt.1: For all types of UCI, UL data is rate-matched.
· FFS: the case w here 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
[bookmark: _Hlk488783826]
Agreements [3]:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements [3]:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
Agreements [3]:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

[bookmark: _Ref178064866]Besides the high-level agreement to support UCI on PUSCH no details have been defined yet for example whether to performance rate matching or puncturing for UCI transmission on PUSCH. In this paper, we discuss our view how UCI transmission on PUSCH should be handled and discuss some issues related.
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Waveform dependency
In the last meeting, it has been confirmed to support UCI on PUSCH for both DFTS-OFDM and OFDM based PUSCH [2]. FFS is if UCI on PUSCH design should depend on PUSCH waveform or not.
The key difference between OFDM and DFTS-OFDM is the presence of a DFT-precoder in the latter. DFTS-OFDM PUSCH is also limited to contiguous resource allocation to maintain low PAPR.
The DFT precoder of size M maps M time-domain samples to M frequency-domain samples. To keep complexity down and reduce specification development time one should strive for large communality between DFTS-OFDM and OFDM based PUSCH where feasible, i.e. baseline should be to apply the UCI to resource element mapping of OFDM-based PUSCH also to DFTS-OFDM (prior DFT-precoding). 
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  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 modulation symbols carrying other UCI types. Drawback of puncturing is that it reduces PUSCH performance.
In the last meetings three options have bene identified for NR how to insert UCI on PUSCH: 1) For all types of UCI, UL data is rate-matched; 2) For all types of UCI, UL data is punctured; and 3) At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
Puncturing reduces performance, therefore puncturing should be avoided in favour of rate matching if error cases can be avoided. The UE is aware of aperiodic CQI reports triggered in the PUSCH-granting DCI and of periodic CQI reports, PUSCH should therefore be rate matched around CQI. 
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 8 carriers, 10 ACK/NACK bits per transport block (CBG based HARQ feedback), and TDD where feedback for up to 3 DL slots is reported in a single UL slot leads to 240 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. To avoid error cases if the UE misses some DL assignments one should consider to indicate in the UL grant to include UCI and how many resources should be used. One possibility would be to specify this behaviour only for large ACK/NACK payload sizes while for small ACK/NACK payload sizes maintain puncturing as in LTE. However, if the UE misses a DL assignment it might assume puncturing while the gNB scheduled sufficiently many DL assignments requiring rate matching. It is also preferable to have a unified solution irrespective of number of HARQ ACK/NACK payload sizes. Therefore, the following is proposed: 
Proposal 2: For all types of UCI, UL data is rate-matched.
Mapping of UCI to resource elements
In LTE ACK/NACK is mapped in groups of four 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 frequency 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 of a transport block; also favouring frequency-first mapping. It would be beneficial to support frequency-first mapping as well.
If we assume frequency-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 without CBG-based feedback. Frequency-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 as proposed above this problem neither occurs for time nor frequency-first mapping.
As agreed front-loaded DM-RS for PUSCH is supported in NR which enables early decoding. For high Doppler scenarios and/or low SNR additional (later) DM-RS resource elements can be 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. 
As agreed for both CP-OFDM and DFT-S-OFDM, the front-loaded DM-RS configuration follows a comb pattern . For PUSCH based on CP-OFDM, the resource elements in-between resources elements allocated for DM-RS, may be used for data. For DFTS-OFDM-based PUSCH, as agreed DM-RS and PUSCH are time multiplexed. The same principle should be applied for multiplexing of UCI and DM-RS for DFT-S-OFDM based PUSCH and not to use the DM-RS symbols for UCI. 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 the UCI transmission on PUSCH and propose:
Proposal 1: UCI on PUSCH for DFTS-OFDM and OFDM-based PUSCH are similar where feasible.
Proposal 2: For all types of UCI, UL data is rate-matched.
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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