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1. Introduction

In Shenzhen RAN1#52bis [1], much progress was made on UL DM RS. In this contribution we present our views on some of the remaining issues. 
2. Values of SRS Parameters – Wideband SRS 

In Shenzhen RAN1#52bis [1] the following was agreed regarding SRS BW:

· SRS BWs are multiple of 4 RBs. SRS BWs are tree-based. Up to three levels supported for wideband SRSs
· The narrowband SRS BW value is 4 RBs.
· Only SRS BW of 4RBs is supported for system BWs less than or equal to 8 RBs
· For system BWs greater than 8 RBs and less than or equal to 30 RBs, only one additional (wideband) SRS BW is supported
· For operating BWs above 30 RBs, multiple wideband SRS BWs are supported. Maximum wideband SRS BW is broadcasted – interpretation in symmetrical on each side of the BW.
It was also agreed that the SRS symbol does not include RBs allocated for PUCCH.
The main issues impacting the bandwidth of the wideband SRS are the power limitation on UE transmission, the number of supportable sounding UEs, and the sounding bandwidth needed to get UL channel dependent scheduling gain.  To improve the SNR of the sounding signal and support a large number of sounding signals we suggest for larger operating BWs, approximately 5MHz SRS BW should be one of the supported SRS values [2]. 
We suggest the following SRS BWs for the different operating BWs.
For an operating bandwidth (in number of RBs), 
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Thus, for operating bandwidth 
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 for which only one wideband SRS BW is to be defined, we propose that the wideband SRS BW be equal to maximum allowable wideband SRS bandwidth, 
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For operating bandwidth
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 > 30 RBs with multiple wideband SRS BWs supported, we propose the wideband SRS BW’s be 
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(tree-based with 3 levels) where 
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is the minimum wideband SRS BW. 

The minimum wideband SRS BW, 
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Alternatively, the minimum wideband SRS BW may be broadcasted. 
Note that we started with the minimum wideband SRS BW and moved up the tree rather than starting with the maximum allowable wideband SRS bandwidth, 
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 may not necessarily be a multiple of 4 RBs e.g., for 
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= 10 is not a multiple of 4. 
The proposed SRS BWs for the different operating BWs is summarized in Table 1.
Table 1. Proposed SRS BW for different Operating BW and PUCCH configurations.

	Operating BW (# of RBs)
	Wideband SRS BW (# of RBs)

	8< BW
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	30<BW
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3. Values of SRS Parameters – Cyclic Shifts

In Shenzhen RAN1, it was agreed that the cyclic shift 
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where 
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is configured for each UE by higher layers for a UE (3bits). 

3.1 Mapping of 3-bit ‘SRS cyclic shift’ field configured in higher layers to 
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A decision needs to be made for the mapping of 3-bit ‘SRS cyclic shift’ field configured in higher layers to 
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One option suggested on the reflector was to use the same mapping as that is done for the 3-bit DM RS sent in the UL grant DCI Format 0, i.e., for 
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as agreed in Shenzhen and shown in Table 2.

Table 2.  Mapping of Cyclic Shift Field in DCI format 0 to 
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	Cyclic Shift Field in 

DCI format 0 [3]
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However, since only 8 (evenly-spaced) cyclic shifts per SRS-comb are defined based on the agreed SRS cyclic shift 
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equation, using the DM RS mapping for 
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would result in cyclic shift fields ‘101’ and ‘111’ corresponding to n=8, and 10 to wrap around (modulo 8) to n=0, and 2 respectively which is already indicated by cyclic shift fields ‘000’ and ‘001’. It is more straight-forward to sequentially indicate all the 8 possible SRS cyclic shifts (per comb) with the 3-bit ‘SRS cyclic shift’ field.
Thus, we propose that the mapping of 3-bit SRS Cyclic shift field configured in higher layers to 
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Table 3. Mapping of 3-bit SRS Cyclic shift field configured in higher layers to 
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	SRS Cyclic Shift Field 
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3.2 Proposed modification to cyclic shift 
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of the sounding reference signal 
As mentioned above, the current agreed value for the cyclic shift 
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defines 8 (evenly-spaced) cyclic shifts per SRS-comb - SRS uses RPF=2 and in 36.211 the cyclic shift is applied to the SRS sequence before mapping to physical subcarriers (i.e., before mapping to every other subcarrier). This results in a SRS cyclic shift spacing of 
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for the 8 evenly-spaced cyclic shifts. However, the cyclic shift spacing for the agreed 12 DM RS cyclic shifts is 
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. Thus, the agreed 8 SRS cyclic shifts are closely spaced than the DM RS cyclic shifts resulting in reduced delay spread protection for sounding than DM RS. 
It would be beneficial for the SRS cyclic shifts to have the same spacing as for the DM RS.  Therefore, it is proposed to modify the SRS cyclic shift to support 6 cyclic shifts per SRS-comb providing the same delay spread protection as DM RS according to, 
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 With this modification, the last two entries of the SRS Cyclic Shift Field Table 3 , i.e., ‘110’ and ‘111’ would not be used and be reserved. 
4. Frequency hopping of SRS

It has been previously generally agreed that SRS hopping can be enabled. Therefore, at least one states of the Frequency-hopping information L1 parameter (configured by higher layers) should indicate whether SRS hopping is enabled or not. Note that when SRS hopping is not enabled, frequency hopping of sounding RS can be effectively achieved by assigning different sounding locations (in frequency) to the UE at different times.
5. Conclusion 

In this contribution, we present our views on some of the remaining issues. 
· Wideband SRS BW: We suggest the following SRS BWs for the different operating BWs.

	Operating BW (# of RBs)
	Wideband SRS BW (# of RBs)

	8< BW
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The minimum wideband SRS BW can be computed as, 
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· Cyclic shift for SRS: 
· Mapping of the 3-bits SRS cyclic shift field configured in higher layers to the agreed 8 possible values for 
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· Modify the SRS cyclic shift to support 6 cyclic shifts per SRS-comb providing the same delay spread protection as DM RS: 
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With this modification, the last two entries of the SRS Cyclic Shift Field, i.e., ‘110’ and ‘111’ would not be used and be reserved. 
· Frequency hopping of SRS

At least one state of the Frequency-hopping information L1 parameter (configured by higher layers) should indicate whether SRS hopping is enabled or not. 

When SRS hopping is not enabled, frequency hopping of sounding RS can be effectively achieved by assigning different sounding locations (in frequency) to the UE at different times.
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