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1 Introduction
In RAN1 NR meetings #2 [1], #90 [2] and #3[3], the following agreements were made with respect to the SRS support for NR:
	Agreement:
Confirm the working assumption
· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation
· Note: 272 PRBs corresponds to the maximum bandwidth support by NR
· FFS: On the set of supported SRS bandwidths


Agreements: For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported

Agreement:
NR supports C_SRS and B_SRS to be UE-specifically configurable
For information for future discussions:
· For SRS bandwidth tables, at least the following design rules are used as a starting point:
· Single SRS bandwidth table (C_SRS is a row index into the SRS bandwidth table)
· 4 values of B_SRS (same as LTE)
· For BWP less than or equal to 96 PRBs, the table includes at least the LTE SRS bandwidths (next slide)
· For additional entries, at least the following rules are used:
· For every supported CC/[BWP] bandwidth with N PRBs, table contains at least one entry with SRS bandwidth m_SRS,0 = floor(N/4)*4 PRB
· Support additional entries with m_{SRS,0} = floor(N/4)*4 PRB for sounding flexibility
· To support intra-slot hopping within a BWP over 2 and 4 OFDM symbols:
· Table contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/16)*16 PRBs with N_1 = 2 and N_2 = 2
· Note: intra-slot hopping is subject to RAN4 feedback






In RAN1 meetings [1, 2, 3], it is agreed that the NR SRS sequence design will allow for sounding bandwidths up to 272 PRBs, where the sounding bandwidths are multiples of 4 PRBs. The details of the set of supported SRS BW was FFS. In this document we discuss some issues that need to be considered while designing the SRS sounding BW table for NR.
2. LTE SRS sounding bandwidth sets
In this section, we provide an overview of the set of supported SRS sounding BW in LTE. In LTE, the SRS sounding bandwidth is specified by a cell-specific parameter CSRS and a UE-specific parameter BSRS. The SRS BWs that LTE supports based on Tables 5.5.3.2.1-4 in 36.211, for different system bandwidths, are as follows

Table 5.5.3.2.1 : 6 <= NRB <= 40 
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Table 5.5.3.2.2 : 40 <= NRB <= 60
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Table 5.5.3.2.3 : 60 <= NRB <= 80
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Table 5.5.3.2.4 : 80 <= NRB <= 110
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Note that each row in the above table (selected by CSRS) has a tree-like nested structure convenient for frequency hopping of narrow band SRS sounding.
3. NR SRS sounding bandwidth sets
In the meeting #90 [2], we agreed that NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogous to LTE). However, there are quite few differences in NR SRS design compared to the LTE SRS. For instance, in NR the UL system BW can be as large as 275. So we need to define some new sets of the options for SRS sounding for larger BW. Additionally, in NR, for a wide band operation, there is a concept of ``bandwidth part” (BWP). A BWP is UE specific and equals to or is smaller than the maximal bandwidth capability supported by a UE. In #90 [2], we also made an agreement that NR SRS design will support to sound substantially all UL PRBs in a BWP. Further, a UE can be configured to have multiple BWP with DCI based switching between BWP. This complicates the design of a nested tree-like (analogous to LTE) structure for supported SRS BW. In meeting [3], we agreed that the CSRS and BSRS will be UE specific. Note, that the nested tree-like structure in LTE is a relation between the SRS sounding allocations of different UE’s within a cell.  In the case of NR, since both the configuration parameters CSRS and BSRS  are UE specific, the nested tree-like structure cannot be guaranteed solely by the table of supported SRS sounding BW, but needs to be enforced using restrictions or rules for network/gNB implementation. For example, in Table 5.5.3.2.1, gNB cannot configure UE-1 and UE-2, within a cell, to have CSRS equal to 6 and 7, while setting BSRS equal to 1 and 1 resp.
Observation 1: In NR gNB/network implementation need to enforce nested tree-like structure among the SRS sounding allocations of the configured UE’s within a cell.

Another, aspect of BWP that complicates the NR-SRS design is “overlap” of BWP among different UE’s. If no further constraints are specified the BWP of two different UE within a cell can overlap by any amount. In this case if the UE’s with partially overlapping BW sound on the overlapping BW at the same time, with same comb offset, it will result in non-trivial interference. Hence, we propose that the BWP of different UE’s within a cell, that are configured in the same sounding resource, either do not overlap or overlap completely, i.e., larger BWP subsumes smaller BWP. 
Proposal 1: In NR the BWP of UE’s, within a cell, configured on a same SRS resource, have either no overlap or complete overlap.
Further, the active BWP of an UE can be switched using DCI signalling. A UE needs to be configured with one or more SRS resource configurations for each configured BWP.
Proposal 2: A UE, is configured with one or more SRS resources per configured BWP. FFS signalling details of switching of SRS configurations with change in BWP.

Based on the discussion above as well as considering the LTE tables from Section 5.5.3.2.3, we extend the set of the SRS BW for wideband NR operation, as shown in the following table-1. The main motivation for the numbers used in extending the table is to make sure that the new values added for wide band operation are appropriate multiples of the numbers in the LTE table. This preserves the networks ability to enforce nested-tree like structure in SRS allocations and aids in frequency hopping. Also, we have tried to achieve sounding using granularity of 4 PRB’s with as small number of hops as feasible. 
	SRS Bandwidth 
BSRS = 0
	SRS Bandwidth 
BSRS = 1
	SRS Bandwidth 
BSRS = 2
	SRS Bandwidth 
BSRS = 3

	mSRS,0
	N0
	mSRS,1
	N1
	mSRS,2
	N2
	mSRS,3
	N3

	120
	1
	60
	2
	20
	3
	4
	5

	128
	1
	64
	2
	32
	2
	4
	8

	128
	1
	64
	2
	16
	4
	4
	4

	128
	1
	32
	4
	16
	2
	4
	4

	144
	1
	72
	2
	36
	2
	4
	9

	144
	1
	72
	2
	24
	3
	4
	6

	144
	1
	36
	4
	12
	3
	4
	3

	160
	1
	80
	2
	40
	2
	4
	10

	160
	1
	80
	2
	20
	4
	4
	5

	160
	1
	40
	4
	20
	2
	4
	5

	192
	1
	96
	2
	48
	2
	4
	12

	192
	1
	96
	2
	32
	3
	4
	8

	192
	1
	96
	2
	24
	4
	4
	6

	192
	1
	48
	4
	24
	2
	4
	6

	240
	1
	120
	2
	60
	2
	4
	15

	240
	1
	120
	2
	40
	3
	4
	10

	240
	1
	60
	4
	20
	3
	4
	5

	256
	1
	128
	2
	64
	2
	4
	16

	256
	1
	128
	2
	32
	4
	4
	8

	256
	1
	64
	4
	32
	2
	4
	8

	272
	1
	136
	2
	68
	2
	17
	4

	272
	1
	136
	2
	34
	4
	17
	2



Table-1: Extension of the SRS SW BW for wideband operation.

Proposal 3: NR SRS design supports the LTE SRS BW table’s 5.5.3.2.1-4 in 36.211 for UL BWP up to 96 PRB. 
[bookmark: _GoBack]Proposal 4: For wideband NR SRS operation, values from Table-1 can be used as a starting point. Adding more rows to Table-1 is not precluded. 
4. Conclusion
To summarize, in this contribution we reviewed the SRS BW tables for LTE and provided extension of the LTE tables for wideband NR SRS operation. We made the following observation and proposals:
Observation 1: In NR gNB/network implementation need to enforce nested tree-like structure among the SRS sounding allocations of the configured UE’s within a cell.
Proposal 1: In NR the BWP of UE’s, within a cell, configured on a same SRS resource, have either no overlap or complete overlap.
Proposal 2: A UE, is configured with one or more SRS resources per configured BWP. FFS signalling details of switching of SRS configurations with change in BWP.
Proposal 3: NR SRS design supports the LTE SRS BW table’s 5.5.3.2.1-4 in 36.211 for UL BWP up to 96 PRB. 
Proposal 4: For wideband NR SRS operation, values from Table-1 can be used as a starting point. Adding more rows to Table-1 is not precluded.
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