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1. Introduction
During Shenzhen meeting, great progress has been made on SRS issues, and some of the agreements [1] are listed below:

1) The set of SRS transmission sub-frames is predetermined and one member of the set is broadcasted. 

2) Periodic patterns for the SRS transmission sub-frames should be examined to reduce signaling overhead.
3) When two UpPTS symbols exist, they can both be used for SRS transmission.
In this contribution, detail configuration of SRS transmission is discussed, especially focused on TDD. 
2. Considerations of SRS transmission for TDD

2.1   SRS transmission on UpPTS
In case that both SC-FDMA symbols in UpPTS are used for SRS transmission, both SRS symbols can be allocated to different UEs. In addition, we also find some benefits if both symbols can be used by one UE.

1) Power limited UEs can transmit SRS on consecutive symbols, which will improve the precision of sounding. (Also mentioned in [2])

2) A UE can transmit SRS on both symbols with different antennas alternatively to provide more accurate spatial channel information when utilizing the channel reciprocity of TDD.

So we propose to support all the four alternatives below when a UE is allocated to transmit SRS in UpPTS

A. A UE transmits SRS on the 1st symbol (UpPTS = 2 only)

B. A UE transmits SRS on the 2nd symbol (UpPTS = 1 or 2)

C. A UE transmits SRS on both symbols with same transmit antenna (UpPTS = 2 only)

D. A UE transmits SRS on both symbols with different transmit antennas alternatively (UpPTS = 2 only)

Proposal 1: Both symbols can be used by one UE for SRS transmission (in case of UpPTS = 2).

Proposal 2: All the four alternatives above are supported in the specification when a UE transmits SRS in UpPTS to provide the maximum flexibility suitable for different scenarios.
2.2
Interpretation of SRS transmission period for TDD
It has been agreed that for a given UE, 8 kinds of SRS transmission period is supported, that is 2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms. For TDD, because of the non-evenly and non-continuous uplink subframes, it is quite different from FDD in case of 2ms and 5ms period, which is also discussed in [3], i.e.

2ms Period
For configuration 0-2 and 6 [5], two SRS opportunities in each half frame for a given UE
For configuration 3-5, two SRS opportunities in the first half frame for a given UE
5ms Period
For configuration 0-2 and 6, one SRS opportunity in each half frame for a given UE, same as FDD
For configuration 3-5, 5ms period is not supported
SRS transmission period other than 2ms and 5ms
This includes the period of 10ms, 20ms, 40ms, 80ms, 160ms and 320ms. In these cases, the description is the same as FDD.

To support the maximum flexibility of SRS transmission for TDD while keeping commonality with FDD, we propose that for a given UE, using either one or two symbols in UpPTS for SRS transmission is regarded as one SRS opportunity.

Proposal 3: Different interpretation of 2ms and 5ms SRS period as above for TDD UE .

Proposal 4: For a given UE, using either one or two symbols in UpPTS for SRS transmission is regarded as one SRS opportunity.
3.
Necessary signaling for SRS subframe configurations
3.1
Cell specific part
SRS subframe configuration needs to be broadcasted by the eNB in the SIB. It provides information on which subframes are SRS subframes, which is useful even for those UEs not transmitting any SRS, because SRS shouldn’t collide with PUSCH and PUCCH transmission.

Several main factors need to be considered when designing the SIB signaling for SRS subframe configurations, including:

1. Inter-cell interference mitigation

Configure SRS on different subframes among neighbor cells may help mitigate the inter-cell interference, which is also proposed during the email discussion.
2. Signaling overhead reduction for SIB

At least two ways can be applied to reduce the overhead when designing the broadcast signaling:

A) To restrict the upper limit of cell specific SRS period, for example limit it to 40ms or 80ms can provide a tradeoff between the flexibility and signaling overhead.

B) To limit the possibility of the different SRS subframes among neighbor cells, for example limit it to 3 "versions" which provide different SRS positions among 3 neighbor cells.

3. Prioritizing UpPTS for SRS transmission for TDD

For TDD, under certain demand of SRS symbols in the cell, it is quite beneficial to prioritize UpPTS for SRS transmission, because:

A) It helps optimize the efficiency of TDD

B) Collisions between SRS & PUSCH and SRS & PUCCH can be avoided to the maximum extend

Due to no PUSCH or PUCCH in UpPTS, we have no collision problem for SRS, and further considering reducing the signaling overhead, it is proposed to indicate only the existence of SRS in certain UpPTS in SIB and UE assumes the number of SRS symbols in UpPTS equals the length of it which is known from the special subframe configuration also included in SIB. 

Based on the considering above, a 4bits design of SIB signaling for SRS subframe configuration is given below, an example table 1 for FDD and table 2 for TDD.

Table 1. SIB signaling for SRS subframe configuration (FDD)

	Decimal
	Period (ms)
	Subframe Index
	Bitmap

	0
	1
	Every
	1111111111

	1
	2
	0
	1010101010

	2
	2
	1
	0101010101

	3
	5
	0
	1000010000

	4
	5
	1
	0100001000

	5
	5
	2
	0010000100

	6
	10
	0 (1st half frame)
	1000000000

	7
	10
	1 (1st half frame)
	0100000000

	8
	10
	2 (1st half frame)
	0010000000

	9
	20
	0 (SFN%2=0)
	1000000000

	10
	20
	1 (SFN%2=0)
	0100000000

	11
	20
	2 (SFN%2=0)
	0010000000

	12
	40
	0 (SFN%4=0)
	1000000000

	13
	40
	1 (SFN%4=0)
	0100000000

	14
	40
	2 (SFN%4=0)
	0010000000

	15
	Inf.
	N/A
	0000000000


Table 2. SIB signaling for SRS subframe configuration (TDD)

	Decimal
	Period
	Subframe Index
	Bitmap

	0
	1
	Every uplink+UpPTS
	0111101111

	1
	2
	UpPTS+2
	0110001100

	2
	2
	UpPTS+3
	0101001010

	3
	5
	UpPTS
	0100001000

	4
	5
	2
	0010000100

	5
	5
	3
	0001000010

	6
	10
	UpPTS(#1)
	0100000000

	7
	10
	UpPTS(#6)
	0000001000

	8
	10
	2
	0010000000

	9
	20
	UpPTS(#1 in SFN%2=0)
	0100000000

	10
	20
	UpPTS(#1 in SFN%2=1)
	0100000000

	11
	20
	2 (in SFN%2=0) 
	0010000000

	12
	40
	UpPTS(#1 in SFN%4=0)
	0100000000

	13
	40
	UpPTS(#1 in SFN%4=1)
	0100000000

	14
	40
	UpPTS(#1 in SFN%4=2)
	0100000000

	15
	Inf.
	N/A
	0000000000


Note: The last column "Bitmap" gives an illustration on the position of SRS symbols in the radio frame containing SRS.

Proposal 5: Only the existence of SRS in certain UpPTS is broadcasted in SIB and UE assumes the number of SRS symbols in UpPTS equals to the length of UpPTS which is known from the special subframe configuration also included in SIB. 

Proposal 6: An example of SIB signaling is given for FDD and TDD.
3.2
UE specific part

A UE specific signaling on RRC indicates the period and the position of SRS transmission for a given UE. To reduce the signaling overhead, the information on the period and position needs to be joint-coded for both FDD and TDD.

As mentioned in section 2.1, for a given TDD UE, we need to indicate the detail configuration to transmit SRS in UpPTS, which could be done by:

· Using explicit 2 bits to indicate it while keeping the joint-coded bits (possibly less than FDD because of less uplink subframes) for the SRS period and position minimized 
· Joint-coded together with the period and position  of SRS transmission informed to the UE

Proposal 7: To reduce the overhead of RRC signaling, the information on the period and position of SRS transmission is joint coded. In addition, the detail configuration for a TDD UE to transmit SRS in UpPTS could be informed either using explicit signaling bits or joint coded together with the period and position of SRS. 
3. Conclusion

This contribution discussed the detail configuration of the SRS transmission mainly focused on TDD and the following are proposed:

Proposal 1: Both symbols can be used by one UE for SRS transmission (in case of UpPTS = 2).

Proposal 2: All the four alternatives are supported in the specification when a UE transmits SRS in UpPTS to provide the maximum flexibility suitable for different scenarios.

Proposal 3: Different interpretation of 2ms and 5ms SRS period for TDD UE.

Proposal 4: For a given UE, using either one or two symbols in UpPTS for SRS transmission is regarded as one SRS opportunity.

Proposal 5: Only the existence of SRS in certain UpPTS is broadcasted in SIB and UE assumes the number of SRS symbols in UpPTS equals to the length of UpPTS which is known from the special subframe configuration also included in SIB.
Proposal 6: An example of SIB signaling is given for FDD and TDD.

Proposal 7: To reduce the overhead of RRC signaling, the information on the period and position of SRS transmission is joint-coded. In addition, the detail configuration for a TDD UE to transmit SRS in UpPTS could be informed either using explicit signaling bits or joint coded together with the period and position of SRS. 
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