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Introduction
In RAN1#90bis meeting, following agreements for SRS design are made [1]. 

Agreements#1:
NR supports intra-slot and inter-slot frequency hopping within a BWP.
FFS: if the same hopping formula as in LTE can be used

FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)

FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)

FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource

Agreements#2:

For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE
Agreements#3:

Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

TA (through PRACH) on TAG without PUSCH/PUCCH configured

Power control separated from that of PUSCH

Group common DCI for aperiodic SRS triggering and TPC

DL/UL interruptions and collision handling due to SRS switching

Agreements#4:
An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource

When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern

For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource

Note: Symbol pairs are adjacent

Note: same comb is assumed for different sets of subcarriers

Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop

Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:

“Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”

NCP SRS resource definition is reused for ECP

FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains

Agreements#5:
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 give our views on aspects of SRS frequency hopping, SRS group and sequence hopping, SRS transmission based on periodicity and offset, and sounding partial frequency resource. 

Discussion  

2.1 SRS frequency hopping and repetition

Basically, SRS design principle is based on LTE including hopping principles. However,  one transmission time nSRS only contains one OFDM symbol in LTE 36.211, it is not suitable for NR since repetition within one slot is supported in NR. Considering repetition factor R, The corresponding hopping formula of LTE for nSRS should be changed as following 
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Wherein, slots are numbered 
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 in increasing order within a frame.
Proposal 1: For hopping formula in NR, 
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 which is a function of SRS repetition factor. .
2.2 SRS transmission based on periodicity and offset

In LTE, UE transmit type 0 triggered SRS in the subframes satisfying[image: image4.wmf]0
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 is the subframe index within the frame, for TDD serving cell, 
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 is defined by Table 8.2-6 or Table 8.2-3 in TS36.213. 

In NR, since new frame structures and multiple numerologies are introduced, the above formula can be changed as following
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where 
[image: image8.wmf]{

}

1

,...,

0

frame,

slot

f

s,

-

Î

m

m

N

n

 is the slot index within the frame, [image: image9.wmf]SRS
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 is  UE specific SRS periodicity and slot offset configuration defined by Table 1, which is independent of UE’s numerology. 
Table 1 UE Specific SRS Periodicity [image: image11.wmf]SRS
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 for trigger type 0
	SRS Configuration Index ISRS
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 (slots)
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	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 – 1023
	reserved
	reserved


2.3 Sounding partial frequency resources
It has been agreed that NR should support to sound substantially all UL PRBs in a BWP.  While in some cases, a UE sometimes needs to transmit SRS in the whole BWP or CC.  In some other cases, it is unnecessary to sound some UL resources, e.g. reserved resource for forward compatibility, URLLC traffic, or resources may cause serious inter-cell interference. Therefore, NR should support to sound partial UL PRBs of a BWP. 
Proposal 2: NR should support to sound partial UL PRBs of a BWP.
Even reserved resource is not considered, it may still have some problems since SRS bandwidth can be much larger than LTE, UE need to transmit very large BW SRS at one time if SRS hopping is not enabled, and much transmit power is necessary to ensure coverage. If SRS hopping is enabled, very long time cycling is needed and the channel accuracy will be impacted because of measurement delay. In order to fix the problems in large BW scenarios, SRS transmission mechanism with two steps can be supported in NR.

As shown in figure 2 without frequency hopping and figure 3 with frequency hopping.

In step 1, SRS is only transmitted on partial frequency resources, i.e. sound K PRBs of each subband for a coarse measurement wherein one subband includes M PRBs and M>=K. 
After step 1, gNB can get some best subbands to be further measured in step 2. In step 2, SRS is transmitted on all PRBs of  the selected bandwidth based on the measurement of step 1 in order to get accuracy channel estimation. 
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Fig.2  Two-step SRS transmission mechanism without frequency hopping
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Fig.3 Two-step SRS transmission mechanism with frequency hopping

We evaluate the performance impact of sounding only a few PRBs in each subband compared to sounding all PRBs with subband size of 6PRBs. From the simulation results as shown in table 2, it can be observed that the performance loss is negligible.  Note that this simulation does not take into account the further delay is introduced if all PRBs are sounded.  Performance gain is 
Table 2 Simulation results of sounding partial PRBs in each subband

	
	Sounding all PRBs in each subband
	Sounding 3 PRBs in each subband
	Sounding 2 PRBs in each subband

	System spectral efficiency (b/s/Hz)
	3.54
	3.48 (-2%)
	3.45 (-3%)

	Cell edge spectral efficiency (b/s/Hz)
	0.112
	0.110 (-1.8%)
	0.107 (-4.5%)


In LTE, the levels of the tree which SRS can hop are {0,1,,..,BSRS },then SRS should sound all the PRBs in a bandwidth of level bhop which is configurable. To support sounding partial PRBs, we can modify or introduce a parameter such that the hopping is done only in partial PRB.  The example in Figure 4 shows the case where we have BSRS=3 and SRS only sounds in every 4PRBs. 

	SRS bandwidt configuration
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Fig.4 tree-like structure to support subband based SRS transmission 

Proposal 3: Support subband based SRS transmission in which SRS is sounded in K contiguous PRBs in each subband where subband size is M PRBs >= K PRBs, and K can be configured by RRC signaling.

Specifically, K PRBs can be transmitted on middle position of M PRBs.

2.4 SRS group and sequence hopping
In LTE, the root q of ZC is selected under the principle that make the cross correlation values between roots as low as possible. The principle is shown as following:
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 is the base sequence number within the group, such that each group contains one base sequence (
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In NR, larger sounding bandwidth up to 272 RB is supported, SRS sequence with additional roots and SRS sequence hopping enhancement are proposed in [2][3][4]. However, the motivation of SRS sequence with additional roots needs to be verified, and the performance gain brought by SRS sequence hopping enhancements is unclear yet. Considering the timeline of NR Rel-15, reusing the LTE design for SRS group and sequence hopping is preferred. 

Proposal 4: Reusing the LTE design for SRS group and sequence hopping is preferred. 
2.5 Multiplexing of SRS and PUSCH

For symbol level SRS frequency hopping, as shown in Fig.5, to improve resource utilization, the unused bandwidth of SRS symbol, e.g., the resource reserved for PUSCH/PUCCH, can be used to transmit PUSCH/PUCCH from different UE if PUSCH/PUCCH is scheduled by gNB. To avoid the collision between SRS and PUSCH from different UEs belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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Fig.5 Symbol level SRS frequency hopping

Proposal 5: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH/PUCCH from different UE. Whether to use the reserved resource for PUSCH/PUCCH should be indicated by gNB.  

Conclusion

In this contribution, we discuss SRS design for NR. From the above discussion, we have the following proposals:

Proposal 1: Support combined SRS repetition and frequency hopping in a slot, and support configuration of repetition numbers.
Proposal 2: NR should support to sound partial UL PRBs of a BWP.
Proposal 3: Support subband based SRS transmission in which SRS is sounded in K contiguous PRBs in each subband where subband size is M PRBs >= K PRBs, and K can be configured by RRC signaling. 

Proposal 4: Reusing the LTE design for SRS group and sequence hopping is preferred. 
Proposal 5: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH/PUCCH from different UE. Whether to use the reserved resource for PUSCH/PUCCH should be indicated by gNB.  
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Appendix 
Table 3 Simulation assumption
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,2,2,16）

Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	Feedback scheme
	Feedback covariance matrix

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Subband size
	6 PRBs

	Traffic model
	Full buffer

	Channel estimation error modeling
	Non-ideal modeling 

	Handover margin 
	3dB 
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