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1. Introduction
To improve the efficiency of SRS resources in Rel-10, the enhancement of SRS via aperiodic triggering has been supported and the details were discussed in the past meetings. In RAN1 #62 meeting, some agreements were reached for aperiodic SRS as follows:
Agreement:

· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding
· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n
Remaining issues for one-shot aperiodic SRS using UL grant:
· Support of multi-antenna port SRS 
· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
· Detailed signalling for aperiodic SRS for the single CC case, assuming UL data is scheduling

· Number of states needed in the PDCCH grant for triggering/configuration

· DCI format for single-port transmission:  {2,4,10}states

· DCI format for MIMO transmission: {2, 4, 18}states

· More discussion needed to decide on one set of states

· Potential list of the parameters to be configured: CS, Comb,  BW position, Transmission BW, hopping

· Partitioning of configuration parameters between RRC and PDCCH grant

· FFS
In this contribution, we discuss the remaining issues on details of aperiodic SRS.
2. Discussion
2.1. Triggering and resource allocation for UL grant triggered SRS
Triggering via UL grants
The number of states needed in PDCCH for triggering or configuration of aperiodic SRS was discussed in the last meeting, and different points of views were  given in [1]][2][3]. Some companies claimed that additional bits should be introduced in PDCCH for configuration of SRS parameters to provide more efficient scheduling for SRS resources. This proposal should be reconsidered by keeping the following issues in mind:
· The PDCCH overhead should be taken into account in all associated PDCCH grants for SRS triggering. To ensure enough opportunities for SRS triggering, the SRS triggering information should be carried in multiple PDCCH grants. If configuration information of aperiodic SRS is also contained in all grants for triggering, the PDCCH overhead is hard to accept, especially when DL triggering is also supported.
· To minimize the overhead for parameter configuration in PDCCH, the configuration flexibility will be greatly affected. As proposed in [1], the CSI and IMCS are multiplexed to indicate comb and SRS BW at the same time, and some of the parameters for aperiodic SRS may reuse that of periodic SRS. The multiplexing will affect both the flexibility of multiplexed parameters and scheduling of aperiodic SRS. If only some groups of parameters configuration are indicated via PDCCH as in [2], the benefits are not significant enough considering the overhead.
· The efficiency of SRS scheduling can be ensured via flexible triggering not only with dynamic parameters configuration. Once there are enough opportunities for triggering, the UEs with SRS request can be scheduled without collision even in semi-statistic parameters configuration. 
Therefore, we propose that: 
Proposal 1: Only one bit is indicated in PDCCH for aperiodic SRS with function of triggering.

It’s agreed in the last meeting that the DCI size of DCI format 0 was reused for single antenna port transmission, with a 1-bit flag differentiating between contiguous and non-contiguous RA. The baseline is that a padding bit is used as the flag.  In table1, the number of padding bits in format 0 and 1A is listed for both TDD and FDD in different BWs. It is noticed that for TDD system, there are always two padding bits in format 0, while for FDD only one padding bit is usable in some BWs. Considering the padding bit is likely to be the flag for non-contiguous RA in FDD, the problem is: how to trigger aperiodic SRS without usable padding bit in DCI format 0, assuming that format 0 is used for single port transmission as shown in [4]?
	Table.1 DCI sizes of format 0 and 1A in different BWs with the padding bit in the bracket
　
	1.4 M
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Format
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	0
	21(2)
	23(2)
	22(1)
	25(2)
	25(2)
	27(2)
	27(2)
	29(2)
	27(1)
	30(2)
	28(1)
	31(2)

	1A
	21(1)
	23
	22
	25
	25(1)
	27
	27(1)
	29
	27
	30
	28
	31


It’s also agreed in RAN1#61 meeting that the size of DCI format 0 should remain the same as defined in R8 at least in common search space, if DCI format 0 was used for SRS triggering. Without additional padding bit, SRS triggering in common search space is not possible at least for FDD, but in UE-specific search space it is still possible. In this section, we analyze different alternatives for SRS triggering in DCI format 0.
· Alt.1: Triggering only in TDD system in both common search space and UE-specific search space. Considering there are always two padding bits in format 0 for TDD, one of the bits can be used for triggering of aperiodic SRS, and then the DCI size can remain unchanged in both CSS and USS. Furthermore, as one of the primary application of aperiodic SRS, reciprocity based downlink transmission, occurs more frequently in TDD system, there will be more requests for aperiodic SRS in TDD.
· Alt.2: Triggering only in UE-specific search space for both FDD and TDD system. The size of format 0 in USS is not necessary be the same with that in CSS as shown in Table.2 of [4]. One padding bit can be introduced to format 0 in USS for SRS triggering for both FDD and TDD. Though no additional BDs are needed, some specification effort is required for differentiating the definitions of format 0 in CSS and USS.
· Alt.3: No SRS triggering in DCI format 0. To simplify the specification, the most straightforward solution is not to introduce SRS triggering in format 0. Then Table.2 and the definition of format 0 in [5] can be remained unchanged. However, if only DCI format 4 is allowed for SRS triggering in UL grants, the efficiency of aperiodic SRS will be greatly decreased due to lacking of triggering opportunities. In this case, SRS triggering via DL grants should play an important role for aperiodic SRS.
Table.2 PDCCH and PUSCH configured by C-RNTI [4]
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 1
	[DCI format 0]
	[Common and

UE specific by C-RNTI]
	[Single-antenna port, port 0 ]


	Mode 2
	[DCI format 0]
	[Common and

UE specific by C-RNTI]
	[Single-antenna port, port 0 ]

	
	DCI format 4
	UE specific by C-RNTI
	Closed-loop spatial multiplexing 


Proposal 2: Triggering in the DCI format for UL single port transmission (e.g. format 0 or 0’) in USS or TDD system should be considered. If not, large number of usable DL triggering would be necessary.
If contiguous triggers are indicated by PDCCH in multiple subframes for a UE, some of them may be timed in the same resource according to the agreement on timing, especially when the SRS resources are scattered in time domain. From the BS perspective, the motivation of contiguous triggering is for multiple sounding, especially when only one-shot SRS is supported. Hence, any overlapping of sounding is not reasonable in this case. Additional specification effort for timing is needed to ensure that individual sounding will be triggered by each trigger. For example, if a triggering is timed in the same resource with aperiodic sounding triggered by previous PDCCH , the SRS for this triggering can be transmitted in the next usable SRS subframe.
Proposal 3: In case of multiple triggering of aperiodic SRS, individual sounding is triggered in order by each trigger without overlapping.
Parameters configuration
Considering the similarity of periodic and aperiodic SRS, most parameters of aperiodic SRS can be configured similarly to that for periodic SRS. The configuration of aperiodic SRS should be independent from that of periodic SRS due to different applications. At least the following parameters should be defined for aperiodic SRS:

· Transmission comb 
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· Starting physical resource block assignment 
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· SRS bandwidth 
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· *Frequency hopping bandwidth, 
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· Cyclic shift 
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For SRS transmission in R10, comb is likely to be used to multiplex multiple UEs similar to that in R8. If both CS and comb are used for multiplexing different antennas, the capability of SRS multiplexing among UEs via comb will be weakened. In our opinion, the effect of inter-UE interference is more significant than intra-UE in R10. If CS is enough to multiplex multiple antennas for a UE, comb should be remained priority for UE multiplexing, which will also simplify the specification effort. Concretely, the cyclic shift of the first SRS port can be directly obtained via
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, and cyclic shift for the other ports can be determined by predefined CS offset. 
Proposal 4: The parameters for aperiodic SRS are configured via higher layer signaling independent from that of periodic SRS.

Proposal 5: For the sake of simplicity and UEs multiplexing, it is better to multiplex multiple antennas via only CS.
UE procedure
It is simpler in terms of standardization for aperiodic SRS to be transmitted in the same subframe where the UE’s PUSCH is transmitted. Nevertheless, since there are only few subframes for aperiodic SRS transmission, this type of timing restricts both the scheduling of PUSCH and transmission of aperiodic SRS, and will lead to degraded efficiency of aperiodic SRS. Thus, it is more flexible for one UE to sound in the nearest subframe(s) for aperiodic SRS in four subframes after triggering. By this way aperiodic SRS can be transmitted with lower delay even without PUSCH scheduling. Especially for TDD, as existence of UpPTS, the timing is more complicated as discussed in another contribution.
Proposal 6: Aperiodic SRS should be transmitted in the nearest SRS subframe(s) satisfying k(4 for FDD.
If multi-shot SRS is agreed, hopping among the multiple shots activated by one trigger should be considered for wider sounding BW. The configuration can be similar to the hopping configuration for periodic SRS in R8. However, if only one-shot SRS is agreed for aperiodic SRS, the introduction of frequency hopping needs further study. As the resources for aperiodic SRS is discrete in time domain, if hopping among multiple triggers are supported, the latency among the multiple sounding is uncertain. In this case, more triggering chances are needed for continuous triggering of SRS, and only UL-triggering is indeed not enough for that.
Proposal 7: Hopping among the multiple shots should also be considered if multi-shot SRS is supported.
Proposal 8: Hopping with one-shot SRS is hard to work well without assistant of DL-triggering.
2.2. On aperiodic SRS via DL triggering
Details of DL-triggered aperiodic SRS 
It had been discussed in [6] that SRS triggering via DL grants is beneficial to both PUSCH and PDSCH, and would not introduce significant PDCCH performance loss and specification effort. DL-triggering can provide more opportunities for SRS triggering, especially when SRS triggering via UL grants is difficult or one-shot SRS based hopping is supported, as mentioned above. Furthermore, it is unreasonable to restrict DL-triggered SRS only to support reciprocity based DL transmission. From implementation point of view for SRS triggering, DL-triggering is equivalent to UL-triggering in function from UE perspective. Therefore, if UE detects a positive SRS request from PDCCH, the same UE procedure can be operated no matter which channel the PDCCH grant is signaled for. This will also simplify the specification of aperiodic SRS.
Proposal 9: Same transmission mechanism as UL grant-triggered aperiodic SRS is used for DL assingment-triggered aperiodic SRS, including the same triggering signaling, parameters configuration and UE procedure.
DL Formats for SRS triggering 
To minimize the impact on current R8/R9 DCI formats, which DL format/s can be used for DL-triggering needs careful study. If aperiodic triggering is introduced in format 0, the same triggering in format 1A will be a straightforward idea. Additional triggering bit can be added in format 2C without impact on previous specification. Furthermore, to provide more benefits to reciprocity based DL transmission, aperiodic triggering via format 1/2B should also be supported. If only format 4 is allowed for UL-triggering, other DL formats can also be considered for SRS triggering.
Proposal 10: Considering there may be little triggering chances by UL grant, triggering via DL formats in USS should be allowed as much as possible on the premise of reasonable specification effort.

· At least SRS triggering in format 1/2B/2C should be supported.

· Other DL formats should also be considered if triggering in format 0 is not supported.
3. Conclusions
In this contribution, we analyzed remaining issues on aperiodic SRS in R10. To summarize, we have the following proposals:
Proposal 1: Only one bit is indicated in PDCCH for aperiodic SRS with function of triggering.
Proposal 2: Triggering in the DCI format for UL single port transmission (e.g. format 0 or 0’) in USS or TDD system should be considered. If not, large number of usable DL triggering would be necessary.
Proposal 3: In case of multiple triggering of aperiodic SRS, individual sounding is triggered in order by each trigger without overlapping.

Proposal 4: The parameters for aperiodic SRS are configured via higher layer signaling independent from that of periodic SRS.

Proposal 5: For the sake of simplicity and UEs multiplexing, it is better to multiplex multiple antennas via only CS.
Proposal 6: Aperiodic SRS should be transmitted in the nearest SRS subframe(s) satisfying k(4 for FDD.
Proposal 7: Hopping among the multiple shots should also be considered if multi-shot SRS is supported.
Proposal 8: Hopping with one-shot SRS is hard to work well without assistant of DL-triggering.

Proposal 9: Same transmission mechanism as UL grant-triggered aperiodic SRS is used for DL assingment-triggered aperiodic SRS, including the same triggering signaling, parameters configuration and UE procedure.

Proposal 10: Considering there may be little triggering chance by UL grant, triggering via DL formats in USS should be allowed as much as possible on the premise of reasonable specification effort.

· At least SRS triggering in format 1/2B/2C should be supported.

· Other DL formats should also be considered if triggering in format 0 is not supported.
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