3GPP TSG RAN WG1 Meeting AH 1801       　　	                        R1-1800616
Vancouver, Canada, January 22nd –26th, 2018

Source:	Mitsubishi Electric
Title:	Discussions on SRS
Agenda Item:	7.2.3.5 SRS
Document for: 	Discussion/Decision
Introduction
 In RAN1#91, agreements related to SRS sequence generation were made [1]. In this contribution, we propose several approaches for collision avoidance for SRS and short or long PUCCH. 
The following agreement is relevant to this contribution.

	Agreement:
Support 1, 2, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560 slots periodicity for all SCS in NR

Example

	SRS Configuration Index ISRS
	SRS Periodicity TSRS (slots)
	SRS Slot Offset Toffset

	0-1
	2
	ISRS

	2-6
	5
	ISRS – 2

	7-16
	10
	ISRS – 7

	17-36
	20
	ISRS – 17

	37-76
	40
	ISRS – 37

	77-156
	80
	ISRS – 77

	157-316
	160
	ISRS – 157

	317-636
	320
	ISRS – 317

	637-1276
	640
	ISRS – 637

	1277-2556
	1280
	ISRS – 1277

	2517-5076
	2560
	ISRS – 2517

	5077
	1
	0

	5078-8191
	Reserved
	Reserved







Time domain relation and collision avoidance between SRS and short/long PUCCH
Time domain relationship between SRS and PUCCH
In the current agreement, up to two short PUCCH symbols can be scheduled. For long PUCCH, at least 4 symbols can be scheduled. In RAN1 NR AH#3, it was agreed that an SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot. In addition, it was agreed long PUCCH and SRS are multiplexed by TDM in RAN1#91. The aforementioned decisions are reflected in both TS 38.211 [2] and TS 38.214 [4].
As in LTE, full band SRS transmission is possible in NR. In terms of scheduling, full band SRS transmission requires more effort to change location of the SRS symbol. Since SRS can be transmitted over four consecutive symbols, it is possible that the last SRS symbol can be mapped on the last symbol of the subframe. If SRS is scheduled to be transmitted in the last symbol of the subframe, and there is a collision between short PUCCH and SRS, SRS can be transmitted in the last symbol, and short or longs PUCCH can be transmitted earlier than SRS to avoid any scheduling conflicts with other UEs, in case of wideband SRS.

TDM based solution for SRS and short PUCCH collision avoidance
Proposed collision avoidance mechanism

The following proposal is on introducing flexibility in transmission on periodic/semi-persistent SRS and PUCCH. In practice, it is desirable to receive CSI reports or SRS at certain timing. However, depending on the periodicity of the report or SRS transmission, enforcing the aforementioned requirement of timely feedback will lead to collision. 
 One solution to obtain both SRS and PUCCH information in a timely manner is to have an option to allow simultaneous transmission of two signals in the same slot.
If the aforementioned simultaneous transmission is allowed and collision occurs, a guidance in the specification on shifting SRS or short PUCCH in time domain to avoid collision will realize flexible transmission of periodic or semi-persistent transmission of SRS and PUCCH. 
Periodic or semi-persistent SRS can be scheduled in the symbols where PUCCH is not scheduled which leads to more scheduling effort or extra RRC signaling. Thus, once the shifting mechanism is specified, SRS and PUCCH can be scheduled flexibly without requiring much effort from the scheduler or signaling.
An example of collision between SRS and PUCCH

An example of the collision and collision avoidance mechanism by shifting signals in the time domain is illustrated below:



Figure 1 Shifted transmission timing for SRS and short PUCCH where SRS is transmitted every 2 slots while short PUCCH with periodic CSI reports is transmitted in every 5 slots

In the example illustrated above, short PUCCH with periodic CSI reports is transmitted in every 5 slots while periodic SRS is transmitted in every 2 slots. The periodicities used in the example follow the agreements made in RAN1#90b. If SRS and short PUCCH are transmitted at the same location, they will collide in every 10 slots. In case of collision, either SRS or short PUCCH can be shifted in time domain. The shift value can be configured at higher layer or fixed by the specification. 
Use cases and summary of the proposals

 The shifting mechanism is useful for SRS transmission with a long transmission interval. In this case, SRS transmission is so rare that vacant resource reserved for SRS can be used for short or long PUCCH transmission. PUCCH can be shifted in time domain in the slot in which SRS is transmitted. We make the following proposal:
As described previously, SRS can occupy the whole bandwidth and shifting SRS in time may cause severe interference to other UEs. Hence, shifting short/long PUCCH is preferred.
Finally, considering PUCCH and SRS colliding in the last symbol, the default shift direction should be backwards to avoid SRS symbols in case of multiple-symbol SRS transmission. Thus, we make the following proposal:

1. Indicate at higher layer whether or not to perform simultaneous transmission of SRS or PUCCH in the same slot. A new RRC parameter, PUCCHSRS-SimultaneousTransmission, can be configured to be on and off to let UE notify that SRS and PUCCH can be transmitted simultaneously.
2. Specify the shift rule mentioned above. If necessary, specify the rule for specific values of periodicities for SRS transmission, i.e., large SRS transmission interval.

[bookmark: _GoBack]Thus we make the following text proposal for 38.214.

Text Proposal: If simultaneous transmission of SRS and PUCCH is indicated by higher layer, short or long PUCCH can be shifted in time domain by [X] symbols when it collides with SRS

Conclusion 
In this contribution we make the following proposal:

Text Proposal: If simultaneous transmission of SRS and PUCCH is indicated by higher layer, short or long PUCCH can be shifted in time domain by [X] symbols when it collides with SRS
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