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1. Introduction
A number of contributions address frequency position, as well as the bandwidth of the SRS signal [3], and the efficient RRC encoding thereof, with the goal of saving signaling overhead. This contribution addresses the timing aspects of SRS transmission, also with the goal of reducing SIB and the RRC overhead. Overall, the parameters related to SRS timing are: SRS sub – frame configuration (SIB signaled), SRS duration (RRC signaled), SRS periodicity (RRC signaled) and sub-frame offset (RRC signaled).      

2. SRS Sub – frame Configuration
SRS sub – frame configuration is broadcasted by the NodeB in the SIB. It provides information on which sub – frames are SRS sub – frames. SRS sub – frame configuration is useful even for UEs which are not transmitting any SRS, because SRS shouldn’t collide with PUSCH transmission, and thus, the non – SRS UEs extract some of their silent symbol periods from the SRS sub – frame configuration. Also note that such silent periods may prove to be useful for performing some measurements at the UE, among other purposes. There are two broad ways that one can signal and interpret the SRS sub – frame configuration parameters.
2.1. Option 1 for Definition of SRS Sub – frame Configuration 

Sub-frame configuration can be signaled by signaling two parameters: first, the period TSFC, and second, the offset ΔSFC. Then, by keeping the sub – frame counter (say CSFC) both the UE and the NodeB can derive those sub – frames which are configured for SRS transmission, using a simple formula which designates a sub-frame as an SRS sub-frame if and only if ΔSFC = CSFC mod TSFC. Furthermore, note that the exact possibilities for values of ΔSFC and of TSFC would have to be defined, as well as the number of bits and encoding for each of them. For example, TSFC can be selected from the set {1, 2, 3, 4, 5, … , 32} to allow for a flexible system deployment, and consequently, the ΔSFC can be selected from the same set {1, 2, 3, 4, 5, … , 32}. This would give the maximum amount of flexibility, but it requires 10 bits of broadcast SIB signaling (such particular example), which can be very costly. Second, “reduced overhead” alternative is to read value of TSFC first, and the number of bits required for ΔSFC would be either ceil[log2(TSFC)] or floor[log2(TSFC)]. Subsequently, the value of ΔSFC is read. Note 0 ≤ ΔSFC < TSFC. This can reduce the number of required bits for signaling ΔSFC, but only for certain scenarios, where the value of TSFC is small. 
2.2. Option 2 for Definition of SRS Sub – frame Configuration 

Since SRS sub-frame configuration is provided by broadcast signaling (SIB), it is desirable to reduce the number of bits required. Thus, an efficient underlying structure may be required. In case that there is a need to support multiple values for the offset ΔSFC, then the offset ΔSFC and TSFC can be jointly encoded with an efficient source  code, which would utilize the underlying structure. One such structure is a tree – based structure. For example, consider a binary tree from Figure 1, which has exactly 2​^x – 1 number of nodes. Thus, signaling any point from the binary tree requires exactly x bits. In Figure 1, for instance, 4 bits are required. In addition, a reserved codeword can be defined, with a reserved meaning “no SRS,” for example. Then, each node in the binary tree is assigned a mapping to a pair of (ΔSFC, TSFC). Simplest such mapping is that nodes at a certain depth are assigned a unique value of TSFC. For instance, node 1 can have TSFC = 1, whereas nodes {2, 3} can have TSFC = 2, nodes {4, 5, 6, 7} can have TSFC = 3, etc. Thus, the depth is the same as the TSFC. The value of offset ΔSFC can be derived by the value of the node modulo TSFC. Such code is even simpler if we consider binary values for labeled nodes. The position of the first “1,” starting from right to left, equals the value of TSFC.  The offset ΔSFC then given by values of other bits, to the right from the first “1.” Same binary code can be applied for OVSF in [3], for example (only in reference to frequency position of SRS). 
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Figure 1: Binary Tree for Efficient Signaling of Sub – Frame Configuration
To support flexible SRS subframe configuration, we propose that both ΔSFC and TSFC are broadcasted. Different values of ΔSFC can be assigned in different cells. Therefore, SRS transmission in one cell does not interfere with neighboring cells’ SRS transmission. In addition, ΔSFC is needed for SRS subframe configuration in TDD, since the set of UL subframe varies with DL/UL subframe configuration. Note that the binary tree from Figure 1 is just an example, and different trees can be used, and also with different depths and configurations of trees, or even different joint source-encodings of (ΔSFC, TSFC).        

3. RRC signaled SRS timing parameters 

RRC signaled SRS timing parameters are:

a) Duration, where the current working assumption is one – shot and infinite. 

b) Periodicity, which provides information about SRS transmission period from the UE.

c) Sub – frame Offset, which provides information about the offset within the SRS transmission period from the UE. 

3.1. Option 1 for Definition of SRS RRC Timing Parameters
Total RRC overhead for SRS timing parameters is 

1) Duration is one – shot and infinite, and thus can be encoded with 1 bit 

2) Periodicity is selected from {2, 5, 10, 20, 40, 80, 160, 320}ms, and thus its 3 bits
3) Sub – frame offset must be designed according to the worst – case (longest possible) periodicity, presuming that we want to decouple the two. Thus, the overhead required for sub – frame offset is ceil[log2(320)] = 9 bits
Consequently, the number of UE – specific bits (via RRC) which describe the SRS timing equals 1 + 3 + 9 = 13 bits.  Since the sub – frame configuration (cell – wide parameter) is separate from the UE – specific parameters (1 – 3 above), there are either two possibilities:
a) The number of bits (and source encoding thereof) required for UE – specific parameters can depend on the actual sub – frame configuration (read from SIB). For example, if the sub – frame configuration states “every sub – frame is an SRS sub – frame, then 1 + 3 + 9 = 13 bits are used for UE – specific parameters. Alternatively, is the sub – frame configuration states that “every 10th sub-frame is an SRS sub – frame, then a smaller number of bits may be required for signaling of UE – specific parameters. The drawback of this approach is that it’s more cumbersome. Furthermore, it is likely that it would require a different definition of RRC – configured parameters, depending on the value of the sub – frame configuration. This would further complicate the specification, which should be avoided.  

b) The number of bits required for UE – specific RRC parameters can be independent of the actual sub – frame configuration (read from SIB). In this case, one should consider the worst – case sub – frame configuration, where all sub – frames are SRS sub – frames. Consequently, the number of RRC configured SRS timing parameters is the “worst – case,” which is 1 + 3 + 9 = 13 bits.  

3.2. Option 2 for Definition of SRS RRC Timing Parameters
The basic observation here is that two SRS periods which are not multiples of each other cannot be multiplexed on a common SRS (frequency) resource. Furthermore, note that possible SRS periods are selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms [4]. Thus, since “2ms” and “5ms” cannot be multiplexed, any given SRS resource should be shared either with periodicities selected from the set S1 = {5, 10, 20, 40, 80, 160, 320}ms, or alternatively with periodicities from the set S2 = {2, 10, 20, 40, 80, 160, 320}ms. Resource sharing tree for configuration S1 is described in Figure 2 below. In Figure 2, tree S1 has 8 levels (including node “1”), and “W” is a binary tree with 5 levels (or 6 if we consider each previous node to be a part of the tree). In essence, the tree from S1 has 1 + 5 + 10 + 20 + 40 + 80 + 160 + 320 = 636 nodes, which takes 10 bits to represent. Each node of the tree encodes both the periodicity and the offset. For example, there are 5 nodes at level 2, namely {2,3,4,5,6} and each of these nodes has a periodicity of 5ms. The offset is increasing from (e.g. from left to right), via a one-to-one mapping from {2,3,4,5,6} to {0,1,2,3,4}, which can be a simple subtraction of 2. Alternatively, it can be a simple “mod 5” operation. At level 3, there are 10 nodes {7 to 16}, each of which has a periodicity of 10ms, and offsets can be derived as before, either via subtraction or via “mod 10” operation.
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Figure 2: Tree for S1

In general, the relationship between SRS_Periodicity and the Node Index for S1 is given in the Table 1 below. Consequently, SRS_periodicity can be trivially extracted from the Node Index via a look-up table and a few comparisons. Furthermore, the “SRS_Offset” can be extracted by performing Node_Index mod SRS_periodicity. Consequently, both SRS_Periodicity and the SRS_Offset are easily found from Node Index.       
	SRS_Periodicity
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms
	320ms

	Node Index Range
	2 – 7
	7 – 16
	17 – 36
	37 – 76
	77 – 156
	157 – 316
	317 – 636


Table 1: Relationship between Periodicity and Node Index for S1

Resource sharing tree for configuration S2 is described in Figure 3 below. In Figure 3, tree S2 has 8 levels (including node “1”), and “W” is a binary tree with 5 levels (or 6 if we consider each previous node to be a part of the tree). In essence, the tree from S1 has 1 + 2 + 10 + 20 + 40 + 80 + 160 + 320 = 633 nodes, which takes 10 bits to represent. Each node of the tree encodes both the periodicity and the offset. For example, there are 2 nodes at level 2, namely {2,3} and each of these nodes has a periodicity of 2ms. The offset is increasing from (e.g. from left to right), via a one-to-one mapping from {2,3} to {0,1}, which can be a simple subtraction of 2. Alternatively, it can be a simple “mod 2” operation. At level 3, there are 10 nodes {4 to 13}, each of which has a periodicity of 10ms, and offsets can be derived as before, either via subtraction or via “mod 10” operation.       
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Figure 3: Tree for S2
In general, the relationship between SRS_Periodicity and the Node Index for S2 is given in the Table 2 below. Note that both “basic” and “Alt” (alternative) Node Index Range is provided for most “SRS_Periodicity.” Reason is that numbers for “Alt” are more in-line with numbers for S1, so look-up tables can be re-used.  Consequently, SRS_periodicity can be trivially extracted from the Node Index via a look-up table and a few comparisons. Furthermore, the “SRS_Offset” can be extracted by performing Node_Index mod SRS_periodicity. Consequently, both SRS_Periodicity and the SRS_Offset are easily found from Node Index.       

	SRS_Periodicity
	2ms
	10ms
	20ms
	40ms
	80ms
	160ms
	320ms

	Node Index Range 
	2 – 3 
	4 – 13 

Alt. 7 – 16  
	14 – 33 
Alt. 17 – 36 
	34 – 73 
Alt. 37 – 76 
	74 – 153
Alt. 77 – 156  
	154 – 313
Alt 157 – 316  
	314 – 633
Alt 317 – 636  


Table 2: Relationship between Periodicity and Node Index for S2
A designation of which tree is used (S1 or S2) can be implicitly tied to some other system parameter. For example, S1 is used for TDD, while S2 is used for FDD. This choice can also be tied to some alternate system parameters, or it can be broadcast via SIB, or can be tied to some specific values of SRS sub – frame configuration. Consequently, the number of required RRC signaling bits can be reduced from 13 bits to 11 bits, which is about 15% overhead reduction. Note that such overhead reduction carries no penalty and is achieved by employing efficient source encoding of the periodicity and sub – frame offset. 
4. Conclusion
This contribution exploits possibilities of reducing SIB and RRC signaling overhead for parameters related to SRS timing. Using efficient data structures (such as trees), it is indeed possible to reduce signaling overhead, which is especially important for SIB signaling, due to coverage issues.   
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