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1. Introduction
To improve the efficiency of SRS transmission in Rel-10, aperiodic SRS triggering via UL grants had been introduced. In the last few meetings, details of aperiodic SRS were discussed, and many decisions were made for SRS triggering, configuration and transmission. The following agreements were reached in RAN1#63, with some issues still FFS.
· As in Rel-8, UE-specific A-SRS subframe is determined by periodicity and offset

· UE-specific A-SRS subframes is a subset of cell-specific subframes 

· The values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213.

· FFS whether all or a subset of the table is used

· For DCI format 4 

· 2 bits are added for SRS triggering and parameter

· 1 state indicates no aperiodic SRS activation

· The other 3 states are used to indicate 3  sets of RRC-configured aperiodic SRS transmission parameters

· Each of the 3 sets can indicate a combination of the following SRS parameters (the other SRS parameters are directly configured by RRC

· SrsBandwidth

· FrequencyDomainposition

· SrsHoppoingBandith (if hopping is supported)

· transmissionComb

· cyclic shift

· duration (if multi-shot SRS is supported)

· number of antenna ports

· The following SRS parameters are signalled directly by RRC and are common for all sets:

· srsConfiguraitonIndex

· FFS if number of CCs and indices of CCs are indicated by DCI format 4.
· For format 0 triggered A-SRS transmission, all A-SRS parameters are configured by RRC, and no dynamic signalling of A-SRS parameters
In this contribution, we will further discuss the remained issues on SRS transmission and configuration in the following sections.
2. Discussion
2.1 Multiple antenna ports multiplexing in R10
It was agreed in RAN1#62bis meeting that both CS and Comb could be used for multiplexing different SRS ports, and further discussion was needed on whether to narrow down the configuration parameters. According to the observation, the effect of inter-UE interference is more serious than inter-port interference in R10. Like SRS transmission in Rel-8, Comb is better used for multiplexing multiple UEs rather than multiple CSs for lowering the overall interference. Considering the number of CS is enough to multiplex multiple ports for a UE, Comb should first be used for UE multiplexing instead of ports multiplexing. The signaling and configuration will also be simplified without mixing CS and Comb. To be specified, the cyclic shift of the first SRS port can be directly obtained via higher layer signaling, and cyclic shift for the other ports can be determined by predefined CS offset similar to that of DMRS.
Proposal 1: For the sake of scheduling simplicity and UEs multiplexing, it is better to multiplex multiple SRS ports via CS only.
2.2 UE-specific subframe configuration for aperiodic SRS
In the past meeting, UE-specific aperiodic SRS subframes were agreed with all or a subset of the SRS configuration table for periodic SRS. In view of different application scenarios from periodic SRS, the configuration of SRS periodicity and SRS subframe offset should be carefully reconsidered for aperiodic SRS. It’s worth noting that the period for periodic SRS can be configured from 2ms to 320ms in Rel-8. But for aperiodic SRS, the configuration period of subframe resource should not be large for more dynamic scheduling. Hence, a few short-period configurations are enough for aperiodic SRS, and the signaling overhead can also be reduced. Generally, a subset of periods up to 20ms is enough for aperiodic SRS as shown in Table.1-2.
With a few periodicity configurations, the efficiency of aperiodic SRS can be further improved by flexible subframes configuration. One enhancement method is to allocate multiple subframes in one configuration period. The allocation of multiple aperiodic SRS subframes during one period (e.g. the cases of UE1/UE3 in figure 1) can not only reduce the SRS latency, but also provide the possibility of continuous A-SRS by multiple one-shot SRS. Hence, multiple subframe offsets should be considered for some common period configurations. For the sake of reducing signaling, at least two subframe offsets for period of 10ms can be considered. The examples are also shown in Table.1-2 with blue font.
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Figure1: An example of subframe configuration for aperiodic SRS (configuration period = 10ms)
Table 1: UE Specific SRS Periodicity 
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	SRS Configuration Index ISRS
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	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7

	17 – 25
	10
	0, ISRS – 16

	26 – 33
	10
	1, ISRS – 24

	34 – 40
	10
	2, ISRS – 31

	41 – 46
	10
	3, ISRS – 37

	47 – 51
	10
	4, ISRS – 42

	52 – 55
	10
	5, ISRS – 46

	56 – 58
	10
	6, ISRS – 49

	59 – 60
	10
	7, ISRS – 51

	61
	10
	8, ISRS – 52

	62 – 81
	20
	ISRS – 62

	82 – 127
	reserved
	reserved


Table 2: UE Specific SRS Periodicity 
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For Aperiodic SRS, TDD
	SRS Configuration Index ISRS
	SRS Periodicity 
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	0
	2
	0, 1

	1
	2
	0, 2

	2
	2
	1, 2

	3
	2
	0, 3

	4
	2
	1, 3

	5
	2
	0, 4

	6
	2
	1, 4

	7
	2
	2, 3

	8
	2
	2, 4

	9
	2
	3, 4

	10 – 14
	5
	ISRS – 10

	15 – 24
	10
	ISRS – 15

	25 – 33
	10
	0, ISRS – 24

	34 – 41
	10
	1, ISRS – 32

	42 – 48
	10
	2, ISRS – 39

	49 – 54
	10
	3, ISRS – 45

	55 – 59
	10
	4, ISRS – 50

	60 – 63
	10
	5, ISRS – 54

	64 – 66
	10
	6, ISRS – 57

	67 – 68
	10
	7, ISRS – 59

	69
	10
	8, ISRS – 60

	70 – 89
	20
	ISRS – 70

	90 – 127
	reserved
	reserved


Proposal 2: A subset of periodicity configurations in Rel-8 is enough for aperiodic SRS, and multiple subframe offsets for some configuration period can be considered for scheduling flexibility.
2.3 SRS parameters configuration via Format 4
In DCI format 4, only three sets of RRC-configured aperiodic SRS parameters can be dynamically signaled, and which parameters to be indicated should be carefully studied. For this issue, our observations are listed below:
· Since multi-shot SRS and hopping are still FFS, SrsHoppoingBandith and duration can be considered later if needed. 
· Another two parameters, SrsBandwidth and FrequencyDomainposition, which contain a mass of various configurations, are hard to be dynamically indicated with very few bits. 
· To preserve the orthogonality from other SRS signals to reduce the collision possibility, CS and/or Comb were supported by most companies.
· Considering aperiodic SRS will be triggered not only for mode switching and transmission measurement in UL, but also for reciprocity based DL transmission; thus, dynamic antenna ports configuration can also provide more flexibility and functionality for aperiodic SRS, especially when only UL grants are allowed for triggering.
We give some examples of proposed SRS parameters to be indicated via DCI format 4 in Table 3-4. In table 3, only one set of RRC-configured A-SRS parameters is needed, and the CS offset can be predefined with fixed value. By Alt2 in this table, single SRS port or multiple SRS ports (e.g. the maximal number of antenna ports in PUSCH) can be reconfigured via the value ‘11’ in the table. In table 4, the three sets of parameters are configured via RRC-signaling with independent configuration of CS offset, Comb and number of SRS ports. More signaling overhead is needed for this mechanism with more flexibility.
Table 3: Example of SRS request field for aperiodic SRS in DCI format 4
	SRS request field
	Description

	’00’
	No aperiodic SRS trigger

	‘01’
	The SRS parameters set  configured by higher layers

	‘10’
	The SRS parameters set configured by higher layers with CS offset

	‘11’
	Alt.1: The SRS parameters set configured by higher layers with different Comb configuration or

Alt.2: The SRS parameters set configured by higher layers with different SRS ports configuration


Table 4: Example of SRS request field for aperiodic SRS in DCI format 4
	SRS request field
	Description

	’00’
	No aperiodic SRS trigger

	‘01’
	SRS parameters set 1 with CS_0, Comb_0, AP_num_0

	‘10’
	SRS parameters set 2 with CS_1, Comb_1, AP_num_1

	‘11’
	SRS parameters set 3 with CS_2, Comb_2, AP_num_2


Proposal 3: CS, Comb and the number of SRS ports can be considered to be dynamically indicated via format 4.
3 Conclusions
In this contribution, we discuss some remaining issues on SRS configuration in R10 with the following proposals:
· Proposal 1: For the sake of scheduling simplicity and UEs multiplexing, it is better to multiplex multiple SRS ports via CS only.
· Proposal 2: A subset of periodicity configurations in Rel-8 is enough for aperiodic SRS, and multiple subframe offsets for some configuration period can be considered for scheduling flexibility.
· Proposal 3: CS, Comb and the number of SRS ports can be considered to be dynamically indicated via format 4.
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