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Introduction
In RAN1 #82 meeting, the following SRS capacity enhancement for EB/FD-MIMO was agreed [1].
· Specify at least the following SRS capacity enhancements in Rel-13: 
· Increase the number of UpPTS SC-FDMA symbols for SRS
In this contribution, we first describe the TDD operation, especially when multiple TDD networks are deployed by different operators in the adjacent bands, and then discuss how to increase the number of UpPTS SC-FDMA symbols and the potential impact. Finally our views about SRS enhancement for EB/FD-MIMO are provided.
UpPTS and TDD Operation
Within the frame structure type 2 for TDD, the special subframe is introduced to enable DL/UL switch, where three fields DwPTS, GP and UpPTS are defined [2]. There are 7 UL-DL configurations and 10 special subframe configurations (as shown in Appendix for the normal cyclic prefix case). The maximum UpPTS length supported by the current specification is 2 SC-FDMA symbols.
In both Japan and China, TDD spectrum licenses (3.5 GHz in Japan, 2.35 and 2.6 GHz in China) were issued to three operators. In order to fully utilize the precious spectrum, no guard bands are reserved among the adjacent TDD bands allocated to different operators. In order to avoid the inter-band interference, inter-operator synchronization is mandatory for multiple TDD networks. Furthermore, the same TDD UL-DL configuration and special subframe configuration should be adopted by different operators. Otherwise, the adjacent band DL-to-UL interference will degrade the performance of multiple TDD networks.
Generally speaking, in the commercial TD-LTE network operators tend to fully utilize the special subframe for DL data transmission, so it is natural to choose long DwPTS. Considering the available TDD spectrum is typically above 2 GHz, the planned cell radius cannot be too large, which leads to a reasonable choice of short GP. At the same time, the GP cannot be too short in order to avoid adjacent band DL-to-UL interference. Therefore, the special subframe configuration 7 with DwPTS:GP:UpPTS (10:2:2) could be one reasonable choice.
Based on the aforementioned information about TDD operation, we further discuss the SRS enhancement issue in the following section.
SRS Enhancement
For EB/FD-MIMO, if we increase the number of UpPTS SC-FDMA symbols for SRS, there may be three options, i.e., 
· Option 1: Shorten the GP length
· Option 2: Reduce the number of DwPTS OFDM symbols
· Option 3: Combine Option 1 and 2
For Option 1, taking the special subframe configuration 7 as the baseline, a new special subframe configuration could be DwPTS:GP:UpPTS (10:1:3). To justify this new special subframe configuration, in addition to the halved cell radius, two more concerns should be resolved, i.e.,
· Whether GP with only one SC-FDMA symbol is acceptable for the scenario of multiple TDD networks deployed in the adjacent bands by different operators, considering that the BS sites of different operators are typically installed in an uncoordinated way
· The saved one symbol from GP could also be used for DL transmission, so the advantage of this new special subframe configuration over the special subframe configuration 8 should be clarified
For Option 2, again taking the special subframe configuration 7 as the baseline, the new special subframe configurations could be DwPTS:GP:UpPTS (9:2:3 or 8:2:4, or 7:2:5, or 6:2:6). Obviously, the more symbols are moved from DwPTS to UpPTS, the more SRS capacity gain can be achieved, meanwhile, the more DL throughput loss may be caused due to the decreased OFDM symbols for DL data transmission. So here is a paradox, i.e., in order to improve DL throughput for EB/FD-MIMO, we increase the number of UpPTS SC-FDMA symbols for SRS (to obtain more accurate CSI at BS), which in turn may decrease DL throughput (due to the shortened DwPTS). Therefore, for a potential new special subframe configuration with Option 2, a proper ratio between DwPTS and UpPTS should be justified. For Option 3, all the concerns for Option 1 and 2 should be addressed.
Although the remaining time for LTE Rel. 13 is limited, we still suggest RAN1 to thoroughly investigate the above issues instead of rushing into some hasty conclusion.
As one example solution, it may be beneficial to introduce the orthogonal cover code (OCC) across two or more SRS symbols in UpPTS [3], when multiple consecutive SC-FDMA symbols in UpPTS could be allocated for SRS transmission. Therefore, orthogonality among SRS can be improved via CDM to support more flexible SRS scheduling. The SRS coverage can be improved, or equivalently, SRS transmission power can be reduced. Also, some random interference can be suppressed by the dispreading operation.
Based on the aforementioned analysis, we have the following proposals:
Proposal 1: To increase the number of UpPTS SC-FDMA symbols for SRS, RAN1 should justify the proper setting of GP and DwPTS, taking adjacent band TDD deployment into consideration.
Proposal 2: Introduce OCC for SRS across multiple consecutive SC-FDMA symbols in UpPTS. The OCC length is FFS.
Summary
In this contribution, we described the TDD operation issue, especially when multiple TDD networks are deployed by different operators in the adjacent bands, and discussed how to increase the number of UpPTS SC-FDMA symbols and the potential impact. Our views about SRS enhancement were also provided. Based on our analysis, the following proposals can be made.
Proposal 1: To increase the number of UpPTS SC-FDMA symbols for SRS, RAN1 should justify the proper setting of GP and DwPTS, taking adjacent band TDD deployment into consideration.
Proposal 2: Introduce OCC for SRS across multiple consecutive SC-FDMA symbols in UpPTS. The OCC length is FFS.
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Appendix
Table A: Special subframe configuration
	Special subframe
configuration
	Normal cyclic prefix case
(length in OFDM/SC-FDMA symbols)

	
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1

	1
	9
	4
	1

	2
	10
	3
	1

	3
	11
	2
	1

	4
	12
	1
	1

	5
	3
	9
	2

	6
	9
	3
	2

	7
	10
	2
	2

	8
	11
	1
	2

	9
	6
	6
	2
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