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Introduction
In the RAN1 #90 meeting, the following agreement related to SRS (sounding reference signal) was made [1]:

	R1-1715136	Summary of SRS	SONY
Working assumption:
· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR
· FFS On the set of supported SRS bandwidths



	R1-1714957	WF on SRS configuration details Huawei, HiSilicon, Ericsson, CATT
Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP



	R1-1715058 	WF on collision avoidance between short PUCCH and SRS	Mitsubishi Electric, ZTE, Nokia, NSB, AT&T, Qualcomm, Samsung, Ericsson, ETRI, CATT, Panasonic
Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier
· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not
· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH
· Otherwise prioritize SRS
· FFS the case of FDM SRS and short PUCCH




Design issues to be considered for SRS generation
SRS sequence design and evaluation
 In this subsection, SRS designs and evaluation results are presented. The analysis will focus on the long sequence, i.e., base sequence less than 3 will not be considered here. In RAN1#90, 272 PRBs is assumed to be the maximum number of resource blocks for the SRS design. Currently in RAN4, there are ongoing discussions on whether to select 272, 273, 274 or 275 depends on the subcarrier spacing. Since the maximum number of RBs decides the SRS sequence design, we make the following proposal.

Proposal 1: Adapt 272 as the maximum number of RBs for the SRS sequence design

It should be noted that if RAN4 decides on the sequence length larger than 272, the cyclic extension used in NR can be used. The reason why 272 is chosen for the design to introduce a variety of configurations for the tree-like SRS generation, as agreed in the RAN1#90 meeting. In addition, the maximum number of RBs should be a multiple of 4 RBs.
 The number of SRS sequences must be discussed. In NR, up to 4 beams can be transmitted from a UE. Due to inter-beam interference and support more UEs in a densely populated scenario, being able to choose more beams will become beneficial. Thus, we have the following proposal:

Proposal 2: Support up to 120 SRS sequences in NR

In addition, LTE based SRS designs will be considered for NR. The SRS sequence in LTE is reproduced below:
 			
where 
			
and the Zadoff-Chu sequence with the  root is given by
	 

In the evaluation, as in LTE, we assume that  is the largest prime number such that . The root is given by 


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. In LTE, the parameter as set to G=31. Thus, in the LTE based design, the maximum number of SRS sequences is (size of ) * (G-1).
 Firstly, we investigate whether the current LTE equation for SRS sequence generation can be used for NR SRS sequence generation. In this analysis, 96 and 272 are considered for maximum length for SRS for LTE and NR SRS. From Figure 1, it is clear that using the equation for NR does not change the cubic metric performance significantly. 
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[bookmark: _Ref492823264]Figure 1 CCDF of CM for 30 sequences for NR and LTE SRS

For NR sequences, both 30 and 60 are considered for the size of group number . In addition,  are considered in the evaluation. Cubic metric and PAPR (peak to average power ratio) of two groups of sequences are shown in Figure 2 and Figure 3, respectively. From the figures, while there is no difference between CM performances between the two groups. The PAPR performance of the 60-sequence group seems to offer a lower PAPR.
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[bookmark: _Ref492824157]Figure 2 CCDF of CM for 30/60 sequences for NR SRS
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[bookmark: _Ref492824159]Figure 3 CCDF of PAPR for 30/60 sequences for NR SRS

As agreed in RAN1#90, the nested structure is agreed. For now, the bandwidth is assumed to be 272 RBs. For sake of analysis, RB length which is a multiple of 4 RBs are considered in this section. The maximum or averaging operation is performed over all possible SRS sequences.
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[bookmark: _Ref492908257]Figure 4 Average and maximum CM values for 30 or 60-sequence SRS for different RB sizes
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[bookmark: _Ref492985472]Figure 5 Average and maximum PAPR values for 30 or 60-sequence SRS for different RB sizes


In Figure 4, average and maximum CM values for 30 or 60-sequence SRS for different size of RB are shown. It is clear from the figure that a significant difference in CM performances between 30 and 60-sequence SRS is not observed. A similar trend is observed in the PAPR performance shown in Figure 5.

Observation 1: Similar CM values are obtained by increasing the group size from 30 to 60

 In addition, cross correlation between the nested SRS sequence and entire SRS sequence is computed. As shown in Figure 6Average of normalized cross correlation for different size of RBs is evaluated for both 30 and 60-sequence SRS. Cross correlation values were averaged over all possible SRS sequences. The simulation results demonstrate that average cross correlation values do not exhibit significant performance difference by increasing the number of sequences from 30 to 60.
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[bookmark: _Ref492990276]Figure 6 Mean cross correlation between SRS sequences

Based on the above, results, we have the following proposal.

Proposal 3: Adopt LTE SRS sequences generation equation for generating NR SRS sequences with the group size 60 and base sequence number equal to 0 or 1.

Motivation for flexible SRS generation
 NR is expected to support up to 1 million devices per square kilometre of devices intended for a variety of applications, e.g., eMBB, URLLC, and MTC [2]. In such a scenario, maintaining orthogonality among all SRS sequences may impose a limit on the number of SRS sequences that can be used, which also limits the number of UEs that can be supported in a cell. In addition, a growing number of UEs in a cell will require effective SRS designs to reduce inter-cell interference.
 Furthermore, considering applications requiring different bandwidth and coexisting in a cell, flexible assignment of SRS sequences to UEs may be needed. It should be noted that time and frequency multiplexing or cyclic shifts for Zadoff-Chu based SRS sequences, provide additional dimensions to avoid SRS collision, but they lead to inefficient resource utilization. To maximize efficiency in resource utilization and flexibility in usage of SRS sequences, a mechanism to reduce inter-cell interference is needed.

Observation 2: Inter-cell interference reduction mechanism is needed

ID based randomization of SRS sequences
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. 


[bookmark: _Ref478048285]Figure 7 An example of application of sequence ID

As 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, ideally with larger group size and more selections for the base sequence group since it was observed that more SRS sequences are needed in NR. The group hopping can also be supported.
If the sequence hopping is configured, sequence hopping can be achieved by randomizing then sequence number, v, as follows,



where  represents the pseudo number generator and  represents the subframe number. For example, as in LTE, the pseudo number generator can be initialized as follows:



where  is the configurable SRS sequence ID, agreed to be used for SRS generation in RAN1#88b. The constants “e” or “x” depend on the structure of the pseudo number generator or number of cells or virtual cells considered in the NR applications. The range of the parameter  also depends on the number of cells or virtual cells, and can be configured by the higher layer.
　　The sequence number is related to the root of the ZC sequence. The length- ZC sequence can be expressed as 



where the root number “q” is the function of the root number v, if sequence hopping is supported. Otherwise, the root number can be directly configured with the SRS sequence ID.
Sequence hopping is useful when inter cell or inter virtual cell randomization is required. Such interference reduction mechanism is needed as the SRS resource friendly solution to solve the aforementioned demand for SRS sequences. 

Proposal 4: Support sequence hopping using sequence ID for inter-cell interference reduction

SRS and short PUCCH collision avoidance
TDM based solution
In the current agreements, up to two PUCCH symbols can be scheduled. The discussion here will be limited to short PUCCH and from UE perspective.
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 full bandwidth SRS.

Proposal 5: For collision avoidance, at least transmission of PUCCH earlier than SRS is supported if SRS is scheduled to be transmitted in the last symbol of the subframe before collision

Dropping based solution
 Since LTE, collision avoidance between SRS and PUCCH is considered to be one of the factors which has a spec impact. In LTE, in case of collision between short PUCCH and SRS, SRS was prioritized and length of PUCCH was truncated.
If the above TDM based solution is not possible due to lack of resources, prioritization of SRS and short PUCCH must be considered since one of SRS or short PUCCH must be dropped. It has been agreed that one or two short PUCCH symbols can be transmitted depending on the number of bits carried by short PUCCH. Since SRS transmission can occupy up to 4 OFDM symbols, the following cases can be considered as collision events.
· Periodic SRS transmission is already scheduled and short PUCCH, carrying ACK/NACK, is requested to be transmitted in the subframe SRS is scheduled. Restricted by the scheduled SRS, collision occurs.
· Periodic short PUCCH carrying CSI report are scheduled and aperiodic SRS is configured dynamically. Due to the periodic short PUCCH occupying resources collision occurs.

In conclusion, dynamicity of SRS or short PUCCH is seen as the root cause of the collision. Based on the above use cases, firstly, we propose to confirm the working assumption made during the last meeting.

Proposal 6: Confirm the working assumption on Option 2, i.e., prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

Before we discuss prioritization, it should be noted that short PUCCH is used to carry the following information:

· periodic CSI reporting of type I CSI
· semi-persistent CSI for type I CSI
· schedule request
· ACK/NACK

In case of collision between SRS and PUCCH, one efficient approach is to prioritize SRS or PUCCH transmission based on the contents of PUCCH. Due to varying importance of SRS and short PUCCH depending on the purposes they are used for, contents based prioritization is more inclusive dropping rule compared to the fixed rule.
If there is a collision, priority can be given to SRS and PUCCH so that a signal with higher priority is transmitted and one with lower priority can be postponed for transmission. For example, PUCCH with ACK/NACK can be considered as high-priority PUCCH. PUCCH without ACK/NACK, e.g., a short PUCCH that contains only a scheduling request, can have lower priority than SRS; PUCCH can be dropped in case of the collision. Furthermore, PUCCH carrying only CSI information can be considered lower priority than aperiodic or periodic SRS. The similar dropping rule is written TS 36.213, Section 8.2 in which SRS is prioritized over short PUCCH without ACK/NACK. The following prioritization rule can be applied

· Periodic SRS or semi-persistent SRS < PUCCH with ACK/NACK
· Periodic/semi-persistent PUCCH carrying CSI or PUCCH with SR < Aperiodic SRS

[bookmark: _GoBack]We have the following proposal:

Proposal 7: In case of collision between SRS and PUCCH, drop PUCCH and transmit SRS, if PUCCH carries only CSI reports. If PUCCH contains at least ACK/NACK (e.g., contains both ACK/NACK and SR), drop SRS.

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

Observation 1: Similar CM values are obtained by increasing the group size from 30 to 60
Observation 2: Inter-cell interference reduction mechanism is needed

Proposal 1: Adapt 272 as the maximum number of RBs for the SRS sequence design
Proposal 2: Support up to 120 SRS sequences in NR
Proposal 3: Adopt LTE SRS sequences generation equation for generating NR SRS sequences with the group size 60 and base sequence number equal to 0 or 1.
Proposal 4: Support sequence hopping using sequence ID for inter-cell interference reduction
Proposal 5: For collision avoidance, at least transmission of PUCCH earlier than SRS is supported if SRS is scheduled to be transmitted in the last symbol of the subframe before collision
Proposal 6: Confirm the working assumption on Option 2, i.e., prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
Proposal 7: In case of collision between SRS and PUCCH, drop PUCCH and transmit SRS, if PUCCH carries only CSI reports. If PUCCH contains at least ACK/NACK (e.g., contains both ACK/NACK and SR), drop SRS.
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