[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #88                                                    	                              　　　   R1-1703453
Athens, Greece 13th - 17th February 2017

Source:	Panasonic
Title: 	Discussion on SRS transmission for NR
Agenda Item:		8.1.2.4.4
Document for:	Discussion
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR AdHoc [1], following was agreed on SRS sequence generation method in NR:
Agreements:
· To down-select one method for NR SRS sequence generation based on at least the following alternatives:
· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Taking into account metrics such as PAPR, capacity/flexibility, etc.
· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)

In this contribution, we discuss SRS sequence generation method. 
Discussion
SRS sequence design
In LTE, Zadoff-Chu (ZC) sequence which has low PAPR/CM property, ideal auto-correlation and low cross-correlation property is used as base sequence for SRS. To use other sequences [2, 3] for SRS in NR was discussed such as Golay sequence and PN sequence. The cross-correlation property and PAPR/CM property of Golay sequence and PN sequence are worse than that of ZC sequences and we think these are important also in NR. Therefore, we propose ZC sequence is used for NR SRS. Also, ZC sequence can be applied in both CP-OFDM and DFT-s-OFDM.
Proposal 1: Zadoff-Chu (ZC) sequence is used for NR SRS for both CP-OFDM and DFT-s-OFDM cases. 

SRS bandwidth
In NR, it is necessary to support more various UE capabilities than LTE. The optimum SRS bandwidth would depend on the UE Tx beam, which would be different between capability or category of UE antennas and UE specific channel variation. In addition, supported SRS bandwidth depends on the UE capability such as UE RF bandwidth and transmit power. Therefore, NR SRS is necessary to support more flexible bandwidth than LTE SRS. 
It is important that NR SRS can maintain orthogonality between sequences when scheduling SRS to multiple UEs with partial overlapping resources. In order to keep orthogonality between sequences with partial overlapping resource, multiple partial band-based SRS could be used. Multiple partial band-based SRS is generated by using a plurality of ZC sequences having a sequence length corresponding to a minimum partial band size as shown in Fig. 1. Orthogonality can be kept by using different cyclic shift (CS) among UEs when scheduled SRS to multiple UEs are partially overlapping.
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[bookmark: _Ref473225165]Fig. 1 Multiple partial band-based SRS
Proposal 2: When SRS bandwidth is wider than certain minimum bandwidth, multiple partial band-based SRS using multiple minimum bandwidth should be used because frequency scheduling can be more flexible with maintaining the orthogonality among multiple SRSs.

Sequence generation with multiple partial band-based SRS
If base sequence and CS value used in each minimum partial band are the same, the PAPR/CM becomes very high.
When many different base sequences are used simultaneously, interference among these different sequences increases due to insufficient number of sequences. Therefore, at least CS value used in each minimum partial band should be allowed to be differentiated.
Figure 2 shows the cumulative distribution function (CDF) of cubic metric (CM) of multiple partial band-based SRS when the same sequence is used among multiple partial bands. In the evaluation, the ZC base sequence number set to any one of 1 to 46 but the sequence number is the same for all minimum partial bands. CS value in each minimum partial band is randomly selected from 0 to 11. The minimum partial band size and the SRS bandwidth are set to 4 PRBs and 16 PRBs, respectively. Then, SRS of 16 PRBs bandwidth consists of 4 minimum partial bands as shown in Fig. 1. 
According to the evaluation, the CM value varies from 0.7dB to 8.4dB, which depends on the combination of CS values for each minimum partial band. Since the CM of OFDM data is 4.0 dB, it could be possible that CM of multiple partial band-based SRS becomes higher than that of OFDM data with a probability of 13%.
Especially, when all CS values in each minimum partial band are the same, the CM becomes very high. For example, when the ZC base sequence number is 5 and CS values are all 0, the CM becomes 8.4dB.  In addition, when the CS value of each minimum partial band changes monotonously, the CM also becomes high in specific ZC sequence number. For example, when the ZC base sequence number is 2 and CS value of each minimum partial band increases by 1 increment (e.g., CS#a =0, CS#b=1, CS#c=2, CS#d=3), the CM becomes 5.1dB.
Therefore, for CS value setting for minimum partial band, whether specific CS value allocation such as allocating the same CS value or monotonically changed CS values should be discussed.
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[bookmark: _Ref473227679]Fig. 2 CDF of CM for multiple partial band-based SRS

Proposal 3: In order to prevent PAPR/CM increase, CS value allocated in each minimum partial band should be considered to avoid at least following cases 1) to allocating the same CS value and 2) monotonically increased CS values when the same sequence is used among multiple partial bands.

Fig. 3 shows the CDF of CM comparison between non-continuous partial band allocation and continuous partial band allocation. For the continuous partial band allocation, the evaluation conditions are the same as in Fig. 2. For non-continuous partial band allocation, SRS is allocated at 4 PRBs intervals as shown in Fig. 4. The other conditions are the same as in Fig. 2.
According the evaluation, there is no big difference of CM/PAPR between non-continuous partial band allocation and continuous partial band allocation in the case of multiple partial band-based SRS. On the other hand, non-continuous partial band allocation would increase the emission of the outside of the band/allocation. Even so, non-continuous partial bandwidth allocation is quite useful for larger bandwidth with less latency. Therefore, simultaneous transmission with non-continuous partial band allocation should be supported. However, SRS sequence should be generated so that PAPR/CM of SRS does not exceed that of OFDM data. It would also be necessary to consider the CS value allocation for each minimum partial band.
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[bookmark: _Ref473547021]Fig. 3 CDF of CM comparison between non-continuous partial band allocation 
and continuous partial band allocation
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[bookmark: _Ref473549798]Fig. 4 Simultaneous SRS transmission in multiple partial bands

Proposal 4: Simultaneous transmission with non-continuous partial band allocation should be supported in order to estimate CSI with large bandwidth in less latency.

Conclusion
In this contribution, we discussed SRS sequence generation method and we have the following proposals:
Proposal 1: Zadoff-Chu (ZC) sequence is used for NR SRS for both CP-OFDM and DFT-s-OFDM cases. 
Proposal 2: When SRS bandwidth is wider than certain minimum bandwidth, multiple partial band-based SRS using multiple minimum bandwidth should be used because frequency scheduling can be more flexible with maintaining the orthogonality among multiple SRSs.
Proposal 3: In order to prevent PAPR/CM increase, CS value allocated in each minimum partial band should be considered to avoid at least following cases 1) to allocating the same CS value and 2) monotonically increased CS values when the same sequence is used among multiple partial bands.
Proposal 4: Simultaneous transmission with non-continuous partial band allocation should be supported in order to estimate CSI with large bandwidth in less latency.
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