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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #86bis and #87 meeting, the following was agreed for UCI [1] [2]:
	Agreements:
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is not precluded



	Agreements:
· Physical uplink  control signalling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beam forming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data



This contribution considers UCI and data multiplexing when UCI is transmitted on PUSCH and provides UCI mapping rules, e.g. frequency-first mapping. Also consider long PUCCH and PUSCH simultaneous transmission.
2. Discussion
1 
2 
UCI and Data Multiplexing 
UCI and data multiplexing in LTE
In LTE, UCI can be piggybacked in PUSCH. HARQ-ACKs are located in the symbols near the DMRS with data being punctured to get a better channel estimation, and RIs are located near the symbols of HARQ-ACK due to their importance for decoding CQI/PMI. This is especially useful at high Doppler frequencies where the channel may vary during a subframe. The RI resources are placed next to the HARQ-ACK symbol positions irrespectively if HARQ-ACK actually is present in the given subframe. This mapping of the RI is motivated by the fact that the RI is required in order to correctly interpret the CQI/PMI and to avoid ambiguities related to whether or not the UE also multiplexes HARQ-ACK in the PUSCH.
The CQI/PMI, however, are mapped differently than the HARQ-ACK and RI. CQI/PMI resources are placed at the beginning of the UL-SCH data resources and they are mapped sequentially to all SC-FDMA symbols on a subcarrier before continuing on the next subcarrier (time-first mapping). CQI/PMI reports in a PUSCH typically have large payloads and can consume significantly more resources than HARQ-ACK or RI. Therefore, a restriction for a number of symbols used to map CQI/PMI would be detrimental and CQI/PMI reports have lower mapping priority than HARQ-ACK and RI. 
UCI and data multiplexing in NR
Considering the potential enhancements of UCI and the front loaded DMRS of PUSCH in NR, the existing LTE mapping scheme of UCI on PUSCH should be reconsidered. With priorities and the delay requirements of different types of UCI, the mapping can be implemented following this principle: UCIs with a higher priority are arranged closer to DMRS symbols in order to get a better channel estimation, and UCIs with a higher delay requirement can be located in the earlier symbols of the PUSCH. Based on the above principles, we suggest that different types of UCI should be located in the same symbol of the PUSCH. A FDM way should be supported, when UCIs with low payload size and high priority cannot occupy all the REs of one symbol. That is, the frequency-first mapping is used when UCIs with a high priority cannot occupy all the REs of one symbol.
The frequency-first mapping can provide less decoding latency for CSI and/or BMI than the time-first mapping. Also, the applied channel estimates will have a better quality and more frequency diversity is utilized in a frequency selective channel. With this approach, obviously, some time-diversity is sacrificed, but we consider this to be less important for low-speed applications where performance optimization is typically performed.
An example is shown in Figure 1 below for an UL-centric slot and for an UL-only slot. HARQ-ACKs should always have the highest priority, and early decoding is beneficial for the early scheduling, so it can be arranged to the earliest symbols of the PUSCH around DMRS. If the payload size of HARQ-ACK is low and cannot occupy all the REs of one symbol, other types of UCI with low payload size, such as RI can be FDMed with HARQ-ACK.


Figure 1 - Examples for multiplexing UCIs with PUSCH in NR
Proposal 1: When the UCI is multiplexed on the PUSCH, the frequency-first mapping should be applied for all UCIs starting from the first symbol after the DMRS symbol. The HARQ-ACK is mapped first and the CSI / BMI is mapped next.

Long PUCCH with Simultaneous PUSCH transmission
In [3], it is shown that simultaneous transmission of PUSCH and PUCCH can lead to severe inter-modulation products if they occupy widely separated frequency resources. The PUSCH is typically dynamically scheduled according to the channel measurement results. How the PUCCH resources are determined is not yet decided but one could expect them to be allocated close to both UE bandwidth edges in order to obtain frequency diversity. Gaps between PUSCH and PUCCH resources are therefore likely to occur which will cause a high PAPR. To mitigate this, for simultaneous transmission of PUSCH and PUCCH, it is suggested that the UE’s PUCCH PRB are either allocated adjacent to the PUSCH PRB or within the PUSCH PRB of the UE. This is illustrated in Figure 2 below:
The PUCCH PRBs are assigned continuously according to the payload size from the beginning PRB. The beginning PRB itself can be defined as the minimum or maximum PRB of the allocated PUSCH PRB resources. 
The long PUCCH structure designed in such a way allows for some frequency diversity of the PUCCH but also enables the use of any waveform for the PUSCH (DFT-S-OFDM or CP-OFDM).



Figure 2 - Example of PUCCH resource allocation
In Figure 2a, the PUCCH PRB is out of the range of its own PUSCH. If the PUSCH PRB of UE2 is adjacent to the PUSCH PRB of UE1, then it is likely that the PUCCH of UE1 will be frequency-multiplexed with the PUSCH of UE2 within the partial PRB of UE2’s PUSCH. Thus, when the UE2 receives the PUSCH, an additional signalling indication is required to indicate which subcarriers are used to carry UE1’s PUCCH. It will also introduce a certain complexity for UE2 to receive the PUSCH.
In order to overcome the above mentioned drawbacks of the method shown in Figure 2a, we prefer the allocation shown in Figure 2b. It is also simpler. In Figure 2b, the PUCCH PRB of UE1 is contained within its own PUSCH PRB and does not allow the PUCCH of UE2 to be frequency-multiplexed within the PUSCH PRB of UE1. Thus, UE1 knows which subcarriers are to be used for its own PUCCH within its PUSCH PRBs. 
Obviously, the long PUCCH PRB(s) are contained within its own PUSCH PRBs, which is also easy to implement, e.g. by allocating more resources for PUSCH due to the presence of PUCCH.
Proposal 2:
· If the long PUCCH and PUSCH are transmitted simultaneously from the same UE, the long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
· The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.

3. Conclusion
Based on the analysis given above, we have the following proposal:
Proposal 1: When the UCI is multiplexed on the PUSCH, the frequency-first mapping should be applied for all UCIs starting from the first symbol after the DMRS symbol. The HARQ-ACK is mapped first and the CSI / BMI is mapped next.
Proposal 2:
· If the long PUCCH and PUSCH are transmitted simultaneously from the same UE, the long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
· The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.

4. Reference
[1] 3GPP Chairman's Notes RAN1_86bis_ final
[2] 3GPP Chairman's Notes RAN1_87_final
[3] R1-1701181, On Long PUCCH with Simultaneous Data Transmission, Ericsson
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