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Introduction
Up to RAN1 #90b meeting, the following agreements related to SRS (sounding reference signal) were made [1]:

	Agreement
For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE

Agreement
Down-select one of the following alternatives for group hopping and sequence hopping 
· Alt-1: 30 sequence groups with 1 or 2 root-sequences per group
· If group hopping is enabled, v = 0
· If sequence hopping is enabled, group hopping is disabled  
· Alt-2: 30 sequence group with 1 or 2 root-sequences per group
· If group hopping is enabled, v can be 0 or 1
· FFS how to switch the value of v during group hopping
· If sequence hoping is enabled, group hopping is disabled
Agreements:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported),  SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.
Agreement
LTE SRS configuration tables are starting point for NR SRS configuration table design.
At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS
FFS on additional periodicities for other numerologies
FFS: supported slot offset for each supported numerology



 In this contribution, we propose equations for group and sequence hopping patterns and TDM based solution for collision avoidance.
Design issues to be considered for SRS generation
SRS sequence design generation
In RAN1 AH#3, it was decided to support up to 272 RBs for length of SRS. In NR, LTE based SRS designs will be considered for NR. The SRS sequence currently agreed in NR is reproduced below:
  		 	 (1)
where 
			(2)
and the Zadoff-Chu sequence with the  root is given by
	 	(3)
In the evaluation, as in LTE, we assume that  is the largest prime number such that . The root is given by 
				(4)
						(5)
[bookmark: _GoBack]where  is the configurable base sequence number which can be 0 or 1,  is the group number  and G depends on the size of the group. 

Number of sequences for group or sequence hopping
Randomization of ZC sequences by using group and sequence hopping based on an ID, as in LTE, should be supported in NR to limit inter-cell interference. 
In LTE, the sequence hopping pattern can be determined by the random generator whose initial state depends on both cell and SRS sequence ID. The notion of base sequence number and sequence group number can be reused. The group hopping can also be supported.
 In RAN1#91b, an agreement was made to down-select one of the following alternatives:

· Alt-1: 30 sequence groups with 1 or 2 root-sequences per group
· If group hopping is enabled, v = 0
· If sequence hopping is enabled, group hopping is disabled  
· Alt-2: 30 sequence group with 1 or 2 root-sequences per group
· If group hopping is enabled, v can be 0 or 1
· FFS how to switch the value of v during group hopping
· If sequence hoping is enabled, group hopping is disabled

Alt-1 is the method adopted in LTE while Alt-2 essentially doubles the number of SRS sequences that can be used for group hopping. The focus of the above discussion is whether the parameter “v” can be switched or stay fixed during group hopping. If the parameter “v” is to be switched, it can be adjusted dynamically or semi-statistically. When dynamic selection is chosen, the parameter can be notified to UE by DCI. 
If Alt. 2 is to be chosen, use cases should be presented. In addition, proposals for switching the sequence number dynamically should be evaluated in terms of complexity and signaling overhead.

Observation 1: Control overhead introduced in how “v” is selected in Alt. 2 should be considered when choosing between Alt-1 and Alt-2

Group and sequence hopping equation
Group and sequence hopping equation
 In this section, details related to group and sequence hopping are described. In the following descriptions, Alt-1 is assumed. If Alt-2 is chosen the group hopping equation must be modified. We recommend to use the group and sequence hopping equations adopted in LTE, since the number of available SRS sequences is the same as LTE. At the slot number , the group number is given by
				(6)
If group hopping is enabled, the sequence number is fixed, i.e., . In addition,  is given by
		(7)
and the pseudo number generator is given by , initialized with , where  is configured by the higher layer. In addition, the shift pattern can be given by 
. 					(8)

Sequence hopping equation
For sequence hopping, the sequence number is given by
					(9)
if group hoping is disabled and sequence hopping is enabled. In LTE, the above pseudo random number generator is initialized by the following equation.
			(10)
In LTE,  was set to the cell ID and  was needed for configurability. Since in NR,  can be configured by the higher layer,  is not needed, leaving us with the following equation to determine the initial state,
				(11)
Based on the above explanations, we make the following proposals:

Proposal 1: In NR, group hopping and sequence hopping is generated by using 

Proposal 2: Support group and sequence hopping using sequence ID for inter-cell interference reduction

Proposal 3: Use  to initialize the random number generator for sequence hopping

Range of sequence ID
 As described in the previous section, the SRS sequence is generated by . In the SRS resource configuration in RRC, SRS-SequenceId is defined to create UE-specific SRS sequence, as agreed in RAN1#88b. 

Proposal 4:  is configured by SRS-SequenceId at higher layer

Similar to LTE, the group hopping pattern can be chosen from 17*30 combinations. Since we believe the number of combinations is enough, given that the number of SRS roots is limited to 30, we propose to support same range for sequence ID as in LTE.

Proposal 5: Range of SRS-SequenceId is [0, 509]

Time domain relation and collision avoidance between SRS and short PUCCH

Time domain relationship between SRS and short PUCCH
In the current agreements, up to two short PUCCH symbols can be scheduled. The discussion here will be limited to short PUCCH and from UE perspective. 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.
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. In addition, support for muti-shot SRS can also demand more resources for SRS, creating more possibilities for collision. 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 PUCCH can be transmitted earlier than SRS to avoid any scheduling conflicts with other UEs, in case of wideband SRS.

Proposal 6: At least transmission of PUCCH earlier than SRS is supported if SRS is scheduled to be transmitted in the last symbol of the subframe


TDM based solution for SRS and short PUCCH collision avoidance
The following proposal is on introducing flexibility in transmission on periodic/semi-persistent SRS and short PUCCH carrying periodic/semi-persistent. 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 feedback at certain timing will lead to collision. In that case, a guidance in specification on shifting SRS or short PUCCH in time domain will realize flexible transmission of periodic or semi-persistent transmission of SRS and short PUCCH. 
Firstly, one of the RRC parameters, PUCCHSRS-SimultaneousTransmission, can be configured to be on and off to let UE notify that SRS and short PUCCH can be transmitted simultaneously. An example of such a case and collision avoidance 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. We make the following proposal:

Proposal 7: Support RRC parameter PUCCHSRS-SimultaneousTransmission to signal simultaneous transmission of SRS and short PUCCH allowing them to TDM to avoid collision during periodic/semi-persistent transmission

Proposal 8: If PUCCHSRS-SimultaneousTransmission is on, in case of collision, SRS and short PUCCH can be shifted in time 

As described previously, SRS can occupy the whole bandwidth and shifting SRS in time may cause severe interference to other UEs. Hence, shifting short PUCCH is preferred.

Proposal 9: In case of collision, short PUCCH can be shifted in time.

Finally, considering short PUCCH and SRS colliding in the last symbol, the default shift direction should be backwards, avoiding SRS symbols in case of multiple-symbol SRS transmission. Thus, we make the following proposal:

Proposal 10: In case of collision, short PUCCH can be shifted back to avoid SRS symbols.

Conclusion 
In this contribution we make the following observations and proposals:

Observation 1: Control overhead introduced in how “v” is selected in Alt. 2 should be considered when choosing between Alt-1 and Alt-2

Proposal 1: In NR, group hopping and sequence hopping is generated by using 

Proposal 2: Support group and sequence hopping using sequence ID for inter-cell interference reduction

Proposal 3: Use  to initialize the random number generator for sequence hopping

Proposal 4:  is configured by SRS-SequenceId at higher layer

Proposal 5: Range of SRS-SequenceId is [0, 509]

Proposal 6: At least transmission of PUCCH earlier than SRS is supported if SRS is scheduled to be transmitted in the last symbol of the subframe

Proposal 7: Support RRC parameter PUCCHSRS-SimultaneousTransmission to signal simultaneous transmission of SRS and short PUCCH allowing them to TDM to avoid collision during periodic/semi-persistent transmission

Proposal 8: If PUCCHSRS-SimultaneousTransmission is on, in case of collision, SRS and short PUCCH can be shifted in time 

Proposal 9: In case of collision, short PUCCH can be shifted in time

Proposal 10: In case of collision, short PUCCH can be shifted back to avoid SRS symbols
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