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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: _Ref129681832]In the RAN1#86bis meeting, the following agreements related to the UL control channel were achieved [1], which clarified that:  
1. At least two ways of transmissions are supported for NR UL control channel
0. [bookmark: OLE_LINK42][bookmark: OLE_LINK41]UL control channel can be transmitted in short duration
0. around the last transmitted UL symbol(s) of a slot
0. FFS: How to define and treat the potential gap at the end of the slot
0. FFS: in the other positions, e.g., the first UL symbol(s) of a slot
0. TDMed and/or FDMed with UL data channel within a slot
0. UL control channel can be transmitted in long duration
1. over multiple UL symbols to improve coverage
1. FDMed with UL data channel within a slot
0. FFS: how to multiplex with SRS
0. The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
In the RAN1#88 meeting, the following agreements related to the UL control channel were achieved [2], which clarified that:
· [bookmark: OLE_LINK91]RAN1 to send a LS to RAN4
· From RAN1 perspective, uplink transmission of a short-duration may have:
· PUCCH in short-duration (1 or 2 symbols) within a slot
· Mini-slot
· Higher subcarrier spacing than that of LTE
· SRS (note that the detailed SRS design in short-duration is not finalized in RAN1 yet)
[bookmark: OLE_LINK93][bookmark: OLE_LINK92]In the RAN1#88bis meeting, the following agreements related to the UL control channel were achieved [3], which clarified that:
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

Based on the above agreements, multiplexing of UL control channel and SRS should be further studied. The contribution mainly discusses multiplexing of UL control channel and SRS. Firstly, necessity of multiplexing between UL control channel and SRS is discussed. Then potential issue due to multiplexing of UL control channel and SRS is discussed and the corresponding possible solutions are provided.   
Discussion
Necessity of multiplexing of UL control channel and SRS transmission 
In LTE, eNB uses Sounding Reference Signal (SRS) to estimate the uplink channel quality. According to the measurement results, eNB could schedule uplink data transmission on some specific physical resource using some suitable transmission parameter, such as MCS and so on. What is more, especially for TDD, SRS can be used to estimate downlink channel quality by the channel reciprocity.
In NR, with enabling massive MIMO, more accurate channel quality estimation is needed, which requires more frequent SRS transmission to support. Moreover, TDD will play a more important rule in NR. By the channel reciprocity, more SRS transmission chance will bring more benefits, since uplink and downlink channel quality estimation can both obtain performance gain.
In order to increase the transmission opportunities of SRS, it should not be limited in the uplink only slot, any slot with the uplink transmission chance should support SRS transmission. Therefore, multiplexing of UL control channel and SRS transmission is necessary to be supported in NR. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: In NR, SRS transmission is allowed in any slot with uplink transmission opportunity. 

Multiplexing of UL control channel and SRS
In LTE, UE uses the last symbol of UL subframe to transmit SRS. When UE needs to transmit SRS and PUCCH simultaneously, shortened PUCCH will be transmitted, which means that SRS and UL control channel coexist in a TDMed way.
In NR, the multiplexing of UL control channel and SRS should be also considered. Based on the agreements in the RAN1#86bis meeting, long duration PUCCH and short duration PUCCH should be supported in NR. The section discusses the multiplexing of UL control channel and SRS for long duration PUCCH and short duration PUCCH separately.
· Multiplexing of long duration PUCCH and SRS 
The long duration case is applied in the slots which have many uplink symbols, such as an uplink-only slot. UL control channel will be FDMed with UL data channel, which is same with the LTE design. Certainly, a LTE-like SRS transmission mechanism can be reused in this case, which is shown in Figure 1.
[image: ]
[bookmark: _Ref465408767]Figure 1. SRS and UL control multiplexed in a TDMed way
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97]Proposal 2: For UL control channel in long duration, UL control channel can be punctured by SRS transmission using a similar way as in LTE.
· Multiplexing of short duration PUCCH and SRS
For the short duration case, UL control channel is located at the last transmitted UL symbol(s) of a slot, which is typically applied in the slots that have one uplink symbol or a few uplink symbols [4]. 
For the two uplink symbols case, one alternative is that UL control channel and SRS can coexist in a TDMed way at least. For example as shown in Figure 2(a), UL control channel locates at the first uplink symbol, and SRS locates at the second uplink symbol. However, it is possible that UL control channel requires two symbols duration also, e.g. due to coverage. In this case, UL control channel and SRS need to be transmitted on the two uplink symbols and details need further studied. 
For the one uplink symbol case, UL control channel and SRS must be transmitted in the only uplink symbol, which is shown in Figure 2(b). For this case, how to multiplex UL control channel and SRS in one symbol should be studied.
[image: ]	                                 [image: ]
[bookmark: _Ref465414718]						(a)									(b)
Figure 2. SRS multiplexed with two uplink symbols and one uplink symbol
To simplify the design of SRS in NR, SRS transmission mechanism of LTE can be reused in NR. In LTE, SRS will cover the whole targeted frequency region in a fixed period by hopping periodically. Based on this consideration, three feasible options can be considered to support multiplexing UL control channel and SRS in the same symbol(s).
· Solution 1: UL control channel region is hopping as a SRS region.
UL control channel region can be considered as a SRS region and take part in the SRS hopping on the periodic SRS transmission slots. For other slots, UL control channel region can be located at a fixed frequency region.
· Solution 2: UL control channel region is semi-static configurable. 
UL control channel region is a semi-static configurable frequency region. On the SRS transmission slots, if SRS hopping regions meet the UL control channel, SRS transmission can be suspended, or some other multiplexing methods can be considered.
· Solution 3: UL control channel region multiplexes with SRS in a CDM way on subcarriers for DMRS. 
UL control channel region contains several subcarriers allocated for DMRS, and the DMRS is transmitted with a sequence on those subcarriers. SRS transmission is multiplexed on those subcarriers. During SRS transmission slots, SRS transmission applies a sequence which is orthogonal to the sequence applied on DMRS to avoid interference.

[bookmark: OLE_LINK5][bookmark: OLE_LINK98]Proposal 3: For short duration UL control channel, the following options for multiplexing of UL control channel and SRS can be considered: 
· UL control channel region is hopping as a SRS region.
· UL control channel region is semi-static configurable. 
· UL control channel region multiplexes with SRS in a CDM way on subcarriers for DMRS.
Conclusions
The contribution focuses on the multiplexing between UL control channel and SRS. Based on the discussion, we have the following proposals:
Proposal 1: In NR, SRS transmission is allowed in any slot with uplink transmission opportunity.
[bookmark: _GoBack]Proposal 2: For UL control channel in long duration, UL control channel can be punctured by SRS transmission using a similar way as in LTE.
Proposal 3: For short duration UL control channel, the following options for multiplexing of UL control channel and SRS can be considered: 
1. UL control channel region is hopping as a SRS region.
1. UL control channel region is semi-static configurable. 
1. UL control channel region multiplexes with SRS in a CDM way on subcarriers for DMRS.
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