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1. Introduction

In RAN1 #61, dynamic aperiodic SRS (A-SRS) is agreed as below [1]:


In this contribution, we share our recommendations on multi-shot A-SRS and views on its signaling design.

2. Discussions on multi-shot A-SRS

In RAN1 #61, the introduction of multi-shot transmission of A-SRS was discussed, but consensus was not reached. One of the concerns can be summarized as “one-shot transmission can cover multi-shot transmission, thus multi-shot transmission is unnecessary”. In our view, this is not always true, because it depends highly on the mechanism, and the lack of scheduling flexibility due to the bit size restriction on UL-grant. More exactly, it would be impossible to carry so many bits on UL-grant, thus some constraint on A-SRS transmissions would be imposed. For example, although 5 bits indication is necessary for fully flexible A-SRS scheduling to indicate A-SRS frequency position, this overhead on UL-grant would be detrimental to the detection probability.
In this section, we show our basic idea how to use multi-shot A-SRS, and assess that multi-shot A-SRS really covers one-shot A-SRS as a subset from two aspects, cell edge performance and scheduling flexibility of A-SRS.

2.1. Example of multi-shot A-SRS usage
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Figure 1 Example of A-SRS usage with multi-shot

Figure 1 shows our assumption how to use A-SRS with multi-shot. The basic idea can be summarized as following.

· The eNB relies only on A-SRS for the sounding of multiple antenna port transmission as described in [5]
· Frequency hopping is supported for A-SRS, and it can be disabled by the eNB, similar to Rel-8 P-SRS

· A-SRS transmission with frequency hopping is repeated during the configured duration

· Precise indication of frequency position is unnecessary because frequency hopping can cover all the frequency band

· Thus the frequency position can be indicated by higher layers via the FH assignment.

· If the A-SRS duration is expired, the eNB sends an UL-grant with A-SRS activation again

· When higher accuracy is desired, the eNB transmits two UL-grants with A-SRS activation contiguously (e.g. UL-grant 1 and 2)

2.2. Performance Improvements for cell-edge UEs

In the RAN1 #61, a couple of simulation results were shown in [3, 4] that justify the benefits of multi-shot A-SRS for the throughput improvements in the cell-edge UEs. These show that repeated sounding signals for the same narrower frequency band are beneficial for knowing the accurate channel state, especially for the precoder calculation, in the case of multi-Tx antenna UEs. 

As shown in Figure 1, multi-shot A-SRS can satisfy this usage without the need for indication of frequency position in L1, because of frequency hopping. Therefore, higher layer indication or L1 indication with reduced bits / implicit manner aiming for the collision avoidance between multiplexed UEs would be applicable. On the other hand, one-shot A-SRS requires the indication of frequency position in L1, because it is impossible to employ a hopping-like mechanism as in Rel-8. 

Therefore, it should be considered whether the full flexible indication of frequency position in L1 is feasible or not. If not feasible, multi-shot A-SRS should be supported in Rel-10.

Observation:

· It should be investigated whether one-shot A-SRS can be realized with the signaling restrictions, especially for frequency position indication, and in the UL-grant.

2.3. Scheduling Flexibility

Another benefit of multi-shot A-SRS is the flexibility of the resource assignment of A-SRS, to avoid collision between UEs. Because we assume that the eNB relies only on A-SRS for the sounding of multi-antenna port transmission as discussed earlier, A-SRS would be triggered very frequently. In this sense, an important requirement for A-SRS would be the packing efficiency to reduce overhead.

To demonstrate this issue more specifically, cyclic shift should be indicated in L1 in order to achieve the higher packing ratio necessary for SRS overhead reduction. However, a 3 bit indication in UL-grant would be difficult to justify, and this overhead should be reduced as much as possible. It would be beneficial to use implicit mapping using CSI (cyclic shift index) of the UL DMRS as proposed in [6]. However, the CSI is also used for PHICH indication and DMRS orthogonality in the case of MU-MIMO, resulting in additional eNB complexity imposed subframe by subframe. In contrast, multi-shot A-SRS can reduce the complexity of CSI selection because the eNB has only to consider it only once.

Observation:

· Multi-shot SRS can reduce the complexity of the scheduling of A-SRS, especially for the indication of cyclic shifts

3. Details of A-SRS configuration

In this section, we clarify the exact number of bits on UL-grant related to A-SRS, for one-shot and multi-shot A-SRS. As described earlier, multi-shot A-SRS will be mandatory if the required L1 number of bits for one-shot SRS is infeasible. 

Table 1 shows the list of UE-specific SRS parameters for one-shot A-SRS and multi-shot A-SRS, respectively. Note that the parameters are designed based on this idea described in Section 2.1, and other parameters than freqDomainPosition and cyclicShift are not necessary to be indicated in L1 as described in Table 1.

From the considerations described below Table 1, we can summarize our observation as following:

Observation:

· In order to achieve flexible A-SRS scheduling, the following parameters should at least be indicated in L1 for one-shot A-SRS, multi-shot A-SRS, respectively, with the following number of bits required, respectively.

· one-shot: maximum 8bit

· 1~5 bit: freqDomainPosition + trigger of A-SRS

· 0~3 bit: cyclicShift
· multi-shot: 1 +x bit

· 1 bit: trigger of A-SRS
· x bit (x<4): offset of freqDomainPosition
· 0 bit: cyclicShift (implicit indication by CSI of DMRS)

Proposal:

· RAN 1 should assess whether parameters and the associated number of bits overhead for both freqDomainPosition and cyclicShift in UL-grant are feasible

· If yes, one-shot A-SRS would be acceptable

· If not, multi-shot A-SRS should be supported.

Table 1 List of UE-specific SRS parameters

	Parameter
	One/multi shot
	Layer of Signalling
	Bit size
	Comment (Our preference)

	srs-Bandwidth
	One-shot
	semi-static
	(1) 0
	It is not necessary to be indicated in L1 because the transmission bandwidth of A-SRS is determined by pathloss and it varies by longer interval.

This parameter can be common with P-SRS. In that case, A-SRS specific setting is unnecessary.

	
	
	
	(2) 2
	

	
	Multi-shot
	semi-static
	(1) 0
	

	
	
	
	(2) 2
	

	srs-HoppingBandwidth
	One-shot
	-
	0
	Hopping Bandwidth is a parameter required for multi-shot transmission. Therefore, this parameter is not necessary.

	
	Multi-shot
	semi-static
	2
	Similar to srs-Bandwidth, this parameter can be set by higher layers

	freqDomainPosition
	One-shot
	dynamic
	(1) 1-5
	(1) Dynamic configuration is mandatory for the flexible frequency position indication. 
A technique to reduce the bit size in UL-grant can be considered. 
(2) If only full-bandwidth transmission is supported, this parameter is not necessary. However, we think this scheme is impossible because A-SRS can’t be applied to cell-edge UEs.

	
	
	
	(2) 0
	

	
	Multi-shot
	(1) semi-static
	5
	(1) If frequency hopping is supported for multi-shot A-SRS performs it is not necessary to be indicated in L1.
(2) Additional dynamic indication should be considered to achieve higher packing efficiency.

	
	
	(2) dynamic
	0-5
	

	duration
(repetition number or timer-based)
	One-shot
	-
	0
	Unnecessary

	
	Multi-shot
	(1) semi-static
	TBD
	Duration should be indicated in L1 when the flexible assignment is necessary to take the buffer status into account. However, our preference is (1) to save the bit in UL grant.

	
	
	(2)dynamic
	TBD
	

	srs-ConfigIndex
(periodicity)
	One-shot
	-
	0
	Unnecessary

	
	Multi-shot
	semi-static
	(1) 0
	This parameter can be set less frequently, and can be common as P-SRS.

	
	
	
	(2) TBD
	

	transmissionComb
	One-shot
	(1) semi-static
(2) dynamic
	0 or 1
	This parameter is set in L1 when more flexible A-SRS resource assignment is required. 

	
	Multi-shot
	(1) semi-static
(2) dynamic
	0 or 1
	

	cyclicShift
	One-shot
	dynamic
	0-3
	This parameter should be indicated in L1 to achieve more flexible UE pairing. However, bit size reduction by implicit signaling should be considered to reduce the overhead.

	
	Multi-shot
	dynamic
	0-3
	


- freqDomainPosition

In the case of one-shot A-SRS, this parameter can be indicated in L1 for more flexible scheduling of dynamic A-SRS. Therefore, 5 bit indication is necessary as a baseline. If the constraint of frequency position indication is acceptable, further reduction would be possible. Note that the trigger of A-SRS can be embedded in this parameter.

On the other hand, multi-shot A-SRS doesn’t require a full flexible L1 control since frequency hopping can cover all the bandwidth. Therefore, this parameter can basically be controlled by higher layers. However, additional x bit in L1 should be considered to avoid the collision between multiplexed UEs to achieve higher packing efficiency. The number of x can be zero if implicit indication is applied. Note that 1 bit for the A-SRS activation would be necessary in the case where this field doesn’t exist.
- cyclicShift
This parameter should be indicated in L1 irrespective of one-shot or multi-shot A-SRS for more flexible scheduling of dynamic A-SRS. However, further bit reduction should be considered to reduce the overhead. The implicit mapping with CSI index of DMRS would be one idea, and it can be applied to multi-shot A-SRS, as mentioned earlier. However for one-shot A-SRS, more investigation would be necessary.

4. Conclusion

In this contribution, we showed the necessity of multi-shot dynamic aperiodic SRS (A-SRS) from the signalling aspects. We propose following:

Proposal:

· In the case of multi-shot A-SRS, only one bit in UL-grant for A-SRS activation would be sufficient

· freqDomainPosition can be covered by frequency hopping

· cyclicShift can be implicitly indicated by CSI of DMRS

· RAN 1 should assess whether parameters for both freqDomainPosition and cyclicShift in UL-grant for one-shot A-SRS are feasible

· If yes, one-shot A-SRS would be acceptable

· If not, multi-shot A-SRS should be supported
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Agreements:


One-shot SRS transmission is supported.


In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space


Continue email discussion until RAN1#61bis


Support of other SRS durations is FFS 


Resources used for aperiodic SRS


Support of aperiodic triggering by DL grant?


In case of UL triggering, allow triggering without PUSCH grant?


Support of group triggering
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