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Introduction
A new RAN1-led Working Item on DL MIMO efficiency enhancements for LTE was approved at RAN Plenary #80 [1]. In particular, a RAN1 objective aims to enhance capacity and coverage of SRS as shown below
· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 

Virtual Cel ID (VCID) has been specified for PUSCH and PUCCH in [2]. The main idea is that DM RS sequence generator is linked to the physical cell ID by setting   if no value configured by higher layer for , or configured by higher layer, or  or  for PUSCH or PUCCH respectively otherwise.
It was proposed in [3] to introduce VCID for SRS, where the same VCID as used for PUCCH DMRS is used for SRS VCID. 
In this contribution, aspects of virtual cell ID for SRS are further discussed.
[bookmark: _Ref481671177]
Virtual Cell ID for SRS 
Currently, SRS sequence seed is based on PCID of serving cell. SRS base sequences are low-correlated among cells with different PCIDs. Within one cell, the SRS sequence number is bounded by maximum cyclic shift and comb number. Figure 1 illustrates an example of SRS capacity bottleneck, where cell 8 runs out of its SRS sequences due to many UEs. In the consider example, there is need to increase SRS capacity.
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Figure 1: Example of SRS capacity bottleneck

In the considered example, cell 0 and Cell 2 are distant from Cell 8. Re-using Cell 0 and Cell 2 physical IDs as “vritual” Cell IDs  for Cell 8 can increase SRS capacity for Cell 8, where Cell 8 reuse SRS sequence of Cell 0 and Cell 2 for the generation of its SRS sequences. Due to the large distance between Cell 0 and Cell, and between Cell 2 and Cell 8, it is not likely that Cell 8 will experience significant inter-cell SRS interference for SRS transmissions in Cell 0 and Cell 2. This is illustrated in Figure 2.
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Figure 2: Example of SRS capacity enhancement with VCID for SRS

It seems reasonable way that the same VCID as used for PUCCH DMRS is used for SRS VCID as proposed in [3]. Alternatively, an SRS-specific VCID configuration may be considered if VCID configuration for PUCCH is not suitable for SRS configuration, for example in case of asymmetric UL packet transmission depending on traffic type.
The solution will require specification to remove the PCID constraint in SRS generation and introduce configuration of virtual Cell ID to UE. Hence we make the following proposal.
Proposal 1: Virtual Cell ID for SRS is configurable via higher layer, where 
·  is a per-UE configuration
·  is a per-antenna-port configuration
·  is a per-antenna-port-group configuration
 otherwise if no value for  is configured by high layers

SRS Capacity Enhancement Example
Table 1 shows the number of UE SRS transmissions supported. Assuming Release 13 maximum number of cyclic shifts=12 and number of Combs=4 for SRS, no VCID for SRS, and maximum of 4 transmit antennas, up to 12 UEs can transmit SRS per SRS symbolwith full bandwidth allocation – e.g. 10 MH channel bandwidth SRS configuration with  srs-BandwidthConfig= bw0, srs-Bandwidth = bw0, srs-BandwidthAp=bw3, SRS-AntennaPortAp=an4 in SoundingRS-UL-Config information element.  Assuming Release 16 introduces up to 3 VCIDs for SRS, and re-using same parameters for cyclic shifts, combs, and max number of 4 Tx antennas, up to 36 UEs can transmit SRS per SRS resource. This represents a threefold increase in SRS capacity.  


	3GPP Release
	#VCID
	#cyclic shift
	#Comb
	#Tx Ant
	#UEs

	13
	1
	12
	4
	4
	12

	16
	2
	12
	4
	4
	24

	16
	3
	12
	4
	4
	36


Table 1. Number of UE SRS transmissions supported

Observation 1: Introducing Virtual Cell ID for SRS is an effective way of increasing SRS capacity.

Conclusion
In this contribution, we discussed design aspects for Virtual Cell ID for SRS capacity enhancements. We made the following proposal and observation.
Proposal 1: Virtual Cell ID for SRS is configurable via higher layer, where 
·  is a per-UE configuration
·  is a per-antenna-port configuration
·  is a per-antenna-port-group configuration
 otherwise if no value for  is configured by high layers

Observation 1: Introducing Virtual Cell ID for SRS is an effective way of increasing SRS capacity.

References
[1] RP-181485, Huawei, DL MIMO efficiency enhancements for LTE, RAN#80, June 2018
[2] 3GPP TS 36.211, Physical channels and modulation, v13.0.0 (2015-12)
[3] R1-157530, Ericsson, Virtual Cell ID for SRS, RAN1#83, Nov 2015



image1.png
Cell 0 with PCID_0

Cell 1 with PCID_1

5 ‘&L
Cell 5 with PCID_S

Cell 2 with PCID_2

————— > SRS interference to
other cells




image2.png
Cell 0 with PCID_0

Cell 1 with PCID_1

Cell 2 with PCID_2

/ serving cell

<
NEyES .\ ————— * SRS interference to
,,§§, %ﬁfl TN other cells
I

VCID=PCID_2
VCID=PCID_O VCID=PCID 8





