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1 Introduction

Some of the conclusions regarding to SRS transmission are listed as follows:

· The periodicity of a UE can be selected from the followings set: {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms}.

· The SRS transmission symbol is the last symbol of the UL sub-frame.
· When two UpPTS symbols exist, they can both be used for SRS transmission.
At RAN1 #52bis meeting breakout session, it was concluded as follows about SRS subframe configuration for a cell:

· The set of SRS transmission sub-frames is predetermined and one of them is broadcasted. 

· Periodic patterns for the SRS transmission sub-frames should be examined to reduce signaling overhead. 

In RAN1 email reflector, considerations and some possible solutions for SRS transmission subframe configuration have been discussed. And in this contribution, a solution is proposed that provides:
· Low signalling overhead

· Fine granularity and less resource waste

· Commonality between FDD and TDD
· Different offsets among cells.

2 Discussion on requirements of  SRS subframe configuration

· To achieve the balance between signaling overhead and resource waste.

In #52bis meeting, it was not agreed to apply 1 or 2 bits in UL grant to indicate the vacancy of SRS comb/symbol. With this conclusion, the fine granularity for SRS subframe allocation becomes essential to reduce the possible resource waste. 

· To support coexistence of different SRS periods.

SRS subframe allocation with lower period can support transmission with higher period as long as the higher period is the multiple of the lower one. 

Taking the set of {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms}, it can be found that the period pair of 2ms and 5ms is an exception, where 2 is relatively prime to 5. 
· The commonality of FDD and TDD 
There have to be different configurations for FDD and TDD, since for TDD, there are different UL/DL configurations and SRS can also be transmitted in UpPTS. However, the possible commonality between the two configurations is still desirable. 

· Different offsets among cells. 
With the same number of SRS subframes, it may be beneficial to offset the locations of the SRS subframes of different cells for the sake of interference estimation. 
3 SRS transmission configuration 
3.1 Design of SRS subframe configuration sets for FDD
· 15 different SRS subframe configurations are defined. 

· 10 offsets (shift 0~shift 9) for a given index of SRS subfame configuration are defined.
· For shift 0, all the configurations are indicated by Table 1. 

· For the other shifts, redefining of SRS subframe allocation within radio frame (indicated in the third column of Table 1) is needed, which can be defined by cyclic shift among the 10-bit bitmap.
For instance, the subframe number of configuration #5 with cyclic shift3 can be defined by bitmap 1000010000.

· The value of shift can be decided by cell ID
Table 1  SRS subframe configuration for FDD with shift 0
	SRS Subframe Configuration 
	System Frame Number

	Subframe Number

	Notes

	0
	None
	None
	No SRS transmission

	1
	SFN mod 8=f_ SFN1 
	0010000000
	80ms periodicity(FFS)

	2
	SFN mod 4=f_ SFN2 
	0010000000
	40ms periodicity(FFS)

	3
	SFN mod 2=f_ SFN3
	0010000000
	20ms periodicity

	4
	Any
	0010000000
	10ms periodicity

	5
	Any
	0010000100
	5ms periodicity

	6
	Any
	1010101010
	2ms periodicity

	7
	Any
	1111111111
	1ms periodicity

	8
	Any
	1100011000
	2 SRS subframes per 5ms period,

	9
	Any
	1110011100
	3 SRS subframes per 5ms period

	10
	Any
	1111011110
	4 SRS subframes per 5ms period

	11
	Any
	1110101010
	A 2ms period and a 5ms period can be supported

	12
	Any
	1111101010
	A 2ms period and two 5ms periods can be supported

	13
	Any
	1111111010
	A 2ms period and three 5ms periods can be supported

	14
	Any
	1111111110
	A 2ms period and four 5ms periods can be supported


3.2 Design of SRS subframe configuration sets for TDD
· All the symbols of UpPTS can be used for SRS transmission, which is NOT included in the configuration.

· 13 different SRS subframe configurations are defined. 

· For shift 0, all the configurations are indicated by Table 2. 

· Given the index of SRS subframe configuration, the number of offsets is equal to the number of allocated uplink subframes of a radio frame, which can be defined by cyclic shift among those uplink subframes.

For instance, the SRS subframe allocation of configuration #5 with shift 0 is indicated by bitmap 0X1000X100. For UL/DL allocation configuration #6 (DSUUUDSUUD), the bitmap within the uplink subframes is 10010. Cyclic shift 3 of the bitmap among UL subfrmaes is 10100, then configuration SRS #5 with shift 3 under UL/DL allocation configuration #6 is 0X1010X000.
· The value of shift can be decided by cell ID.
· Different SRS subframe configuration could support different sets of UL/DL allocations, please find the detail in Table3 in the Appendix A.
In the Appendix B, all the supported cyclic shifts for different SRS subframe configurations and different UL/DL allocations are illustrated. 

Table 2  SRS subframe configuration for TDD with shift 0
	SRS Subframe Configuration 
	System Frame Number
	Subframe Number
	Notes
(Interpretation of SRSs not on UpPTs)

	0
	None
	None
	No SRS transmission

	1
	SFN mod 8=f_ SFN1 
	0X1000X000

	80ms periodicity(FFS)

	2
	SFN mod 4=f_ SFN2 
	0X1000X000
	40ms periodicity(FFS)

	3
	SFN mod 2=f_ SFN3
	0X1000X000
	20ms periodicity

	4
	Any
	0X1000X000
	10ms periodicity

	5
	Any
	0X1000X100
	5ms periodicity

	6
	Any
	0X1100X000
	2 consecutive SRS subframes per 10ms period

	7
	Any
	0X1100X100
	3 SRS subframes per 10ms period(1)

	8
	Any
	0X1110X000
	3 SRS subframes per 10ms period(2)

	9
	Any
	0X1100X110
	4 SRS subframes per 10ms period,

	10
	Any
	0X1110X110
	5 SRS subframes per 10ms period,

	11
	Any
	0X1110X111
	6 SRS subframes per 10ms period

	12
	Any
	0X0000X000
	Only UpPTS is used for SRS transmission


3.3 Discussion of proposed configuration sets

· The balance between signaling overhead and resource waste.

According to the above design, the SRS configuration index is explicitly signalled, which is of 4-bit overhead for either FDD or TDD. The offset is implicitly linked to cell ID.
The granularity of SRS subframe allocation is set to be single subframe per radio frame by the definition of configuration #4-#14 for FDD and #4-#12 for TDD. Furthermore, such granularity is ensured for every UL/DL configuration in TDD.
On the contrary, if only 8 different periods for FDD (configuration #0~#7) or 7 different periods for TDD (configuration #0~#5, #11) are defined, the granularity is much larger. For instance, the granularity between #6(2ms period) and #7(1ms period) is 5 subframe per radio frame, which may cause serious resource waste.
· The coexistence of different SRS periods.

The main problem comes from the coexistence of 2ms and 5ms periods as mentioned before. 

In FDD, it is specially treated by configuration #11, #12, #13, #14. It can be seen that without such configurations, the only solution is to apply 1ms period configuration, even if the amount of SRS transmission is not large enough, and thus resulting in serious resource waste. In this case, the resource waste of PUSCH can be as large as 3.5%.
For TDD case, there is no such problem since 2ms period cannot be supported by any UL/DL configuration.

· The commonality of FDD and TDD 
With the designed SRS subframe configuration, the signalling overhead is 4-bit for both FDD and TDD. And it can be found that configuration #0~ configuration #5 are common to FDD and TDD
· Different offsets among the cells. 

The different offsets are achieved by linking to cell ID. No additional signalling is required.
4 Conclusion

In the contribution, we have proposed two sets of SRS subframe configuration for FDD and TDD respectively, with which the following could be achieved:
· Low signalling overhead

· Fine granularity and less resource waste

· Commonality between FDD and TDD 
· Different offsets among the cells
It is proposed to capture the discussed SRS subframe configuration method into the specification. 
Appendix A
Table 3 The supported UL/DL configurations for different SRS subframe configurations
	SRS Subframe Configuration 
	Subframe Number
	Indices of UL/DL allocations supported

	0
	None
	Any

	1
	0X0000X000
	Any

	2-5
	0X1000X000
	Any

	6
	0X1000X100
	#0,#1,#2,#3,#6

	7
	0X1100X000
	#0,#1,#3,#4,#6

	8
	0X1100X100
	#0,#1,#6

	9
	0X1110X000
	#0,#3,#6

	10
	0X1100X110
	#0,#1,#6

	11
	0X1110X110
	#0,#6

	12
	0X1110X111
	#0


Appendix B
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Figure 1 The different UL/DL allocations of TDD
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Figure 2   SRS subframe Configuration #1-4 with different shifts and different UL/DL allocations
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Figure 3   SRS subframe Configuration #5 with different shifts and different UL/DL allocations
[image: image5.emf]U U U U U U

U U U U U D

U U D U U D

U U U D D D

U U D D D D

U U U U U U

U U U U U D

U U D U U D

U U U D D D

U U U U U U

U U U U U D

U U D U U D

U U U D D D

U U U U U U

U U U U U D

U U D U U D

U U U U U U

U U U U U D

U U U U U U

Shift 0 Shift 1 Shift 2 Shift 3 Shift 4 Shift 5

# 2

# 

3

# 

4

# 

7

# 

8

# 

9 # 2

# 

3

# 

4

# 

7

# 

8

# 

9 # 2

# 

3

# 

4

# 

7

# 

8

# 

9 # 2

# 

3

# 

4

# 

7

# 

8

# 

9 # 2

# 

3

# 

4

# 

7

# 

8

# 

9 # 2

# 

3

# 

4

# 

7

# 

8

# 

9


Figure 4   SRS subframe Configuration #6 with different shifts and different UL/DL allocations
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Figure 5   SRS subframe Configuration #7 with different shifts and different UL/DL allocations
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Figure 6   SRS subframe Configuration #8 with different shifts and different UL/DL allocations
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Figure 7   SRS subframe Configuration #9 with different shifts and different UL/DL allocations
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Figure 8   SRS subframe Configuration #10 with different shifts and different UL/DL allocations
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Figure 9   SRS subframe Configuration #11 with only shift=0








































































� For some configurations, different shifts may result in the same SRS subframe allocations. 


� f_ SFN1, f_ SFN2 and f_ SFN3 are the offsets of system frame number, which could be specified as 0.


� The 10-bit bitmap indicates the subframes in a radio frame that are used for SRS transmission, “1” means positive, “0” means negative.


� “X” indicates the special subframe, in which symbol(s) of UpPTS can always be used for SRS and does not needs to be configured.





