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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous meetings [1][2][3], agreements have been made on bandwidth part, PUCCH and SRS as following.
	Agreements in RAN1#89:
…
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL 
· FFS: down selection of combinations.
...
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
…
Agreements in RAN1#AdHoc1:
A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot.
Agreements in RAN1#AdHoc2:
For NR SRS, support sounding bandwidth in multiple of 4RBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported


[bookmark: _Ref129681832]
This contribution discusses the necessity of full band sounding mechanism and its requirements on SRS bandwidth selection and resource mapping.  
Full band sounding region
In LTE, all UEs in a cell have the same capability which means that they are able to transmit or receive data in the same portion of a carrier. For uplink, since PUCCH region is at the edge of the system bandwidth, a UE sounds the center of the system bandwidth excluding the PUCCH region where its PUSCH will be scheduled. In order to adapt to the variable PUCCH region, cell-specific parameter srs-BandwidthConfig ( in Table 1) which is RRC signaling is configured to indicate which set of tree-like SRS bandwidth setting is used for all UEs in this cell. For example, if the system bandwidth is 100RB,  means the sounding region is 80RB for UEs in the cell and PUCCH region can be 5RB at most at the edge of each side.




Table 1. and, , values for the uplink bandwidth of .
	SRS bandwidth configuration
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	0
	96
	1
	48
	2
	24
	2
	4
	6

	1
	96
	1
	32
	3
	16
	2
	4
	4

	2
	80
	1
	40
	2
	20
	2
	4
	5

	3
	72
	1
	24
	3
	12
	2
	4
	3

	4
	64
	1
	32
	2
	16
	2
	4
	4

	5
	60
	1
	20
	3
	4
	5
	4
	1

	6
	48
	1
	24
	2
	12
	2
	4
	3

	7
	48
	1
	16
	3
	8
	2
	4
	2


However, in NR, to support diverse application scenarios in a wide carrier [4], a UE can transmit/receive within its UE-specifically configured UL/DL bandwidth part (BWP) which could be smaller than the carrier bandwidth. Unlike LTE, different UEs may need to sound in different portion of the carrier in NR. Hence cell-specific SRS bandwidth setting is no longer necessary and sounding region should be determined by each UE specifically configured UL/DL(in TDD) BWP.
Proposal 1: SRS bandwidth setting parameter srs-BandwidthConfig should be UE-specific in NR.
In addition, as agreed in RAN1#AdHoc1 and shown in Figure 1, in NR PUCCH resource does not have to be located at the edge of carrier or BWP, while the PUCCH time and frequency resource for both short and long formats can be flexibly indicated. Thus uplink scheduling could be applied in any resource of a UE’s BWP and in principle gNB is assumed to know the channel information of all potentially scheduled resource, meaning that sounding region should be the whole BWP. Furthermore, the requirement for full band sounding region is more critical for DL scheduling in TDD.  
Observation 1: A UE should be able to acquire channel information of any resource of its active UL or DL BWP.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS bandwidth and mapping\Figure1.png]
[bookmark: _Ref488841874]   Figure 1: PUCCH resource configuration in LTE and NR.
SRS bandwidth design
Each configuration value of srs-BandwidthConfig corresponds to a tree-like SRS bandwidth sets with certain sounding region. For instance, in LTE, for 96RB sounding region, as in the configuration  in Table 1, besides full SRS bandwidth of 96RB, partial SRS bandwidths with tree-like structure, such as 32RB, 16RB and 4RB, are also supported. Then UE-specific parameter srs-Bandwidth determines the specific bandwidth to use from the configured SRS bandwidth set.
The benefits of tree-like partial band sounding includes 
1) Channel information with higher quality for power limited UEs.
2) Increased multiplexing capacity.
3) Reduced signaling by frequency hopping enabled by tree-like partial SRS bandwidth set.
In NR, the benefits above are also desired for periodic sounding.
Observation 2: NR should support SRS bandwidth sets with tree-like structure.
As discussed before, sounding region will be determined according to the bandwidth of UE’s active UL/DL BWP. Appropriate tree-like SRS bandwidths sets should be designed to sound the entire bandwidth of each possible BWP.
Observation 3: SRS bandwidth design should consider all possible bandwidth configurations of BWP.
The BWP bandwidth selection which SRS bandwidth design should depend on has not been decided. If BWP bandwidth can be flexibly scheduled by gNB, adequate SRS bandwidth sets choices are required to accommodate different BWP bandwidth configurations; if a UE’s BWP bandwidth will be chosen from a down-selected bandwidth set, SRS bandwidth design can refer to that BWP bandwidth set.
Nevertheless, the BWP configuration will at least include but be not limited to channel bandwidths which could be our primary focus. As being under discussion in RAN4, with enhanced OOB suppression techniques, spectrum utilization of each channel bandwidth in NR is higher than 90%, e.g. the transmission bandwidth of 20MHz channel bandwidth with 15 KHz subcarrier spacing could be 108 RB [5]. Thus new SRS bandwidth sets need to be introduced for NR channel bandwidth which already exists in LTE. Besides the SRS bandwidth sets for channel bandwidth sounding, the SRS bandwidth sets for other BWP configurations need to be designed in the meantime with BWP bandwidth design considering Phase I progress and system forward capability. 
Since it has been agreed that NR supports SRS bandwidth in multiple of 4RB, in order to support full band sounding region, the largest bandwidth which is multiple of 4RB and no greater than transmission bandwidth of each BWP including NR channel bandwidth should be supported as SRS bandwidth in NR. 
Proposal 2: NR should support tree-like SRS bandwidth set  with  which is  RB where N is the transmission bandwidth of a BWP (including NR channel bandwidth).
SRS resource mapping
Based on the previous discussion, two examples of tree-like SRS bandwidth set is presented in Figure 4 for 10 MHz bandwidth with 15 KHz subcarrier spacing whose transmission bandwidth is 52RB as in Figure 2. In both SRS bandwidth sets in Figure 4, if all UEs’ sounding region is mapped in the center of band as in normal LTE uplink subframe, channel information of several RBs at the edge will never be obtained from any UE with some of the SRS bandwidths. For LTE UpPTS, sounding region mapping can be case 2 or case 3 in different LTE subframes. Similar thought can be brought to NR, so a UE in the cell can be configured with any case in Figure 3. UEs with different sounding region mapping can be scheduled in different combs or slots to keep orthogonal multiplexing. In this way, gNB is able to schedule the resource at the edge with some UEs’ channel information.
	SRS bandwidth sets 1 for 52RB sounding
	
	SRS bandwidth sets 2 for 52RB sounding

	BW0
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	BW2
	BW3
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            [image: D:\6_3GPP Tdoc\RAN1 90\SRS bandwidth and mapping\Figure2.png]          [image: D:\6_3GPP Tdoc\RAN1 90\SRS bandwidth and mapping\Figure3.png]
[bookmark: _Ref488842012]Figure 2: SRS bandwidth sets for 52RB sounding.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS bandwidth and mapping\Figure4.png]
[bookmark: _Ref488842049]Figure 3: Sounding region mapping.
Proposal 3: The mapping of sounding region should be UE-specifically configured.
Summary
Based on the discussions above, we have the following conclusions:
Observation 1: A UE should be able to acquire channel information of any resource of its active UL or DL BWP.
Observation 2: NR should support SRS bandwidth sets with tree-like structure.
Observation 3: SRS bandwidth design should consider all possible bandwidth configurations of BWP.

Proposal 1: SRS bandwidth setting parameter srs-BandwidthConfig should be UE-specific in NR.
Proposal 2: NR should support tree-like SRS bandwidth set  with  which is  RB where N is the transmission bandwidth of a BWP (including NR channel bandwidth).
Proposal 3: The mapping of sounding region should be UE-specifically configured.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref488832157][bookmark: _Ref488848781][bookmark: _Ref167612671]RAN1#89 Chairman notes.
[bookmark: _Ref488848782]RAN1#AdHoc1 Chairman notes.
[bookmark: _Ref488848784]RAN1#AdHoc2 Chairman notes
[bookmark: _Ref167612885]Ericsson, “On bandwidth parts and “RF” requirements”, R1-1711795, Qingdao, China, June 27-30, 2017.
[bookmark: _Ref421870298]Huawei, “On spectrum utilization”, R1-1706707, Qingdao, China, June 27-30, 2017.
image2.wmf
b

N


oleObject2.bin

image3.wmf
3

,

2

,

1

,

0

=

b


oleObject3.bin

image4.wmf
110

80

UL

RB

£

<

N


oleObject4.bin

image5.wmf
SRS

C


oleObject5.bin

image6.wmf
0

SRS

=

B


oleObject6.bin

image7.wmf
1

SRS

=

B


oleObject7.bin

image8.wmf
2

SRS

=

B


oleObject8.bin

image9.wmf
3

SRS

=

B


oleObject9.bin

image10.wmf
0

SRS,

m


oleObject10.bin

image11.wmf
0

N


oleObject11.bin

image12.wmf
1

SRS,

m


oleObject12.bin

image13.wmf
1

N


oleObject13.bin

image14.wmf
2

SRS,

m


oleObject14.bin

image15.wmf
2

N


oleObject15.bin

image16.wmf
3

SRS,

m


oleObject16.bin

image17.wmf
3

N


oleObject17.bin

image18.png
[— PUCCH Region

PUSCH region/Sounding regios

PUSCH region/Sounding region

Short PUCCH Region

Lon

g PUCC

H Region

LTE 14 symbols

NR 14 symbols




image19.png
Full band
52RB Sounding region

S2RB 24RB. 12RB. 4RB




image20.png
Full band
52RB.





image21.png
Full band
52RB.

52RB.

24RB.

Casel

Sounding region

Full band
52RB.

52RB.

24RB

Sounding region

Full band
52RB.

52RB.

24RB.

12RB.

Case3

4RB

Sounding region





image1.wmf
b

m

SRS,


oleObject1.bin

