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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[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
Based on the agreements, the multiplexing between UL control channel and SRS should be studied further, especially for the multiplexing in the case of short duration. Firstly, the contribution will analyze the necessary of multiplexing between UL control channel and SRS. Then the contribution will discuss the potential issue when multiplexing is enabled. Finally, some feasible solutions will be provided.   
Discussion
Necessity of SRS transmission in NR
In LTE, eNB captures Sounding Reference Signal (SRS) to estimate the uplink channel quality. By the measurement results, eNB schedules UEs transmitting uplink data on some specific physical resource. Meanwhile, eNB could schedule UEs to use suitable transmission parameter, such as MCS and so on. What is more, especially in TDD mode, 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, because of limitation of the frequency spectrum, TDD mode will become a major mode in NR. By the channel reciprocity, more SRS transmission chance will bring a double benefit, since uplink and downlink channel quality estimation can both obtain performance gain.
Therefore, 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.
[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, PUCCH will be transmitted in a short type, which means that SRS and UL control channel coexist in a TDMed way.
In NR, the coexistence of UL control channel and SRS should be also considered. Based on the agreements in RAN1-86b, there are two ways of transmission should be supported for UL control channel: long duration & short duration. The coexistence with this two types need to be analyzed respectively.
· Long duration 
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
· Short duration
For the short duration case, UL control channel is located at the last transmitted UL symbol(s) of a slot, which is applied in the slots that have one uplink symbol or a few uplink symbols [2]. 
For the two uplink symbols case, UL control channel and SRS can coexist in a TDMed way at least. For example, UL control channel locates at the first uplink symbol, and SRS locates at the second uplink symbol.
But for the one uplink symbol case, UL control channel and SRS must be coexisted 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
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: For UL control channel in short duration especially one symbol case, the multiplexing of UL control channel and SRS should be supported, the detail is FFS.
· Candidate solutions
To simplify the design of SRS in NR, SRS transmission mechanism of LTE can be reused in NR: By periodical hopping, SRS will cover the whole targeted frequency region in a fixed period. Based on this consideration, two feasible options can be considered to support multiplexing UL control channel and SRS in one symbol:
· 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 into the SRS hopping on the periodical 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.
[bookmark: OLE_LINK5]Proposal 3: For the short duration with one symbol control channel, two options for multiplexing between 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. 
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.
Proposal 2: For UL control channel in short duration especially one symbol case, the multiplexing of UL control channel and SRS should be supported, the detail is FFS.
Proposal 3: For the short duration with one symbol control channel, two options for multiplexing between 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. 
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