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1. Introduction

Several signaling and configuration aspects for aperiodic SRS were addressed at RAN1 #62bis and it was agreed that 

· DCI Format 4

· 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters

· 1 state indicates no aperiodic SRS activation

· FFS for exact RRC-configured aperiodic SRS parameters

· E.g. cyclic shift, comb, bandwidth, position

· DCI Format 0 

· 1 new bit (RRC-configured) indicates aperiodic SRS activation

· Aperiodic SRS activation is not supported in UE Common Search Space
This contribution attempts to resolve some outstanding signaling issues including the number of states (codepoints) and configuration parameters signaled in DCI Formats 0 and 4, the need for triggering in one or more DL DCI formats and SRS transmission timing. Frequency hopping for aperiodic SRS transmission is treated in a companion contribution [1].
2. Signaling Design
In our view the foremost design principles that should be adhered to for SRS signaling design are
1. Minimize the impact on DL signaling overhead in order to maintain Rel-8 DL coverage
2. Optimization of aperiodic SRS should consider the impact on PDCCH loading
Table 1 lists the UE specific SRS parameters that are candidates for either RRC or L1 signaling.
Table 1 UE-specific aperiodic sounding parameters 

	Parameter
	Bit width

	Transmission comb
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	Starting PRB assignment
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	SRS bandwidth
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	Frequency hopping bandwidth
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	Cyclic shift per antenna port p,
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	SRS periodicity 
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2.1. DCI Format 0

Regarding DCI Format 0 there are two possible schemes for how to use the new SRS activation bit. 
· Option 1: If the UE receives DCI format 0 in subframe n with the SRS bit set to “1” the UE shall commence aperiodic SRS transmission in subframe n+k (k(4) where the SRS parameters in Table 1 are configured by RRC signaling.  

· Option 2: As one possible enhancement the SRS bit is used for validation of an SRS-only grant, wherein some or all of the UE-specific aperiodic SRS parameters in Table 1 are conveyed in the DCI payload [2].
Option 2 essentially introduces a new DCI format, albeit of the same size as DCI Format 0. The motivation for Option 2 is based on limitations in scheduling flexibility of Option 1. Keeping in mind the design principles set forth above we now consider the features of Option 2 with respect to Option 1
· For Option 1 all the parameters listed in Table 1 are RRC configured. As such there is not much flexibility in changing SRS parameters, which may lead to SRS collisions if the same parameter set is configured for multiple UEs. On the other hand Option 2 provides scheduling flexibility at the cost of increased PDCCH overhead and a new testing procedure for PDCCH validation.
· It should be noted that the probability that 2 UEs are allocated the same comb and cyclic shift (CS) in Option 1 is dependent on the number of UEs that are configured for aperiodic sounding. Thus, if a limited number of UEs are configured for aperiodic sounding, the RRC configuration of SRS parameters should not cause significant collision probability. 
· It has been suggested that the SRS-only grant is somewhat equivalent to the CQI-only request in Rel-8/9.  Some differences worth mentioning are

· Aperiodic CQI transmission provides considerably more accurate information about DL channel quality than is possible with periodic CQI on PUCCH. For example, for a 20MHz system the number of CSI bits for

· Mode 3-1 is 2 * (4 + 2 *13) {CQI} + 4 {PMI} = 64 bits
· Mode 1-2 is 2 * 4 + 4 * 13 = 60 bits
· On the other hand it is unrealistic to expect that the eNB can obtain a reliable estimate of the UL channel over the full or even partial bandwidth from a multi-antenna UE because of transmit PSD limitations since it RAN1 agreed that SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. As such the eNB may configure the UE for frequency hopping. 
· Hence, if only one-shot sounding is triggered by the SRS-only grant, several of these SRS-only grants are required to span the hopping bandwidth within a reasonable time frame for each UE. This seems to be an unacceptable increase in PDCCH loading especially when considering that Rel-10 also increases the demands on  PDCCH capacity with several new features (e.g. cross-CC scheduling) without a corresponding increase in the number of PDCCH symbols.
Given these concerns regarding PDCCH loading it seems Option 2 is an optimization feature which can benefit only a few UEs. Secondly, for a UE configured for PUSCH Mode 2 some SRS parameters may be dynamically changed since 3 or 7 codepoints are available in DCI Format 4. Moreover, frequent PUSCH mode switching is not expected since the UE configured for PUSCH Mode 2 can still receive DCI Format 0 for single antenna PUSCH transmission.
Proposal: Option 1 is supported as baseline. Consider further the impact on PDCCH capacity for Option 2.
2.2. DCI Format 4

The eNB can flexibly schedule aperiodic sounding when the UE is configured for PUSCH Mode 2 since 3 or 7 codepoints shall be added to DCI Format 4 for SRS activation. In our view the two essential parameters for L1 signaling are the transmission comb and the cyclic shift. 
One outstanding issue is how to multiplex sounding from multiple antennas. It can either be by a combination of the transmission comb and cyclic shift or solely based on the cyclic shift. For multiplexing multiple antenna ports with only the cyclic shift the UE determines the cyclic shift value for all antenna ports as 
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 is the signaled cyclic shift and 
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is a pre-determined offset e.g. 
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= 0, 4, 2, 6 for antenna ports p = 0, 1, 2, 3 respectively. 

It was agreed to support OCC on the DMRS as one way to improve the orthogonality of the DMRS for different layers for UL SU- and MU-MIMO. Naturally, one may consider that this same consideration is given to SRS in order to improve channel estimation for UL scheduling. This can be done by multiplexing SRS antenna ports by a combination of the transmission comb and CS. On the other hand the transmission comb is also used to multiplex narrowband and wideband sounding UEs within the same bandwidth. Note that this also aids frequency hopping for wideband and narrowband sounding UEs. Secondly, it is not at all clear that the degradation of CSI accuracy has as much impact on system performance as the channel estimation for demodulation purposes. Thus, our initial preference is for CS-only multiplexing. Two ways to dynamically signal the parameters are

1. Scheme 1: the UE is semi-statically configured with 3 or 7 sets of RRC parameters, wherein the SRS IE field is used to select one of these sets.

2. Scheme 2: the CS, comb and frequency domain position are signaled by the SRS IE field. One example is shown in [3] where these parameters are computed from a pre-defined table.

Either option should be fine though we have a slight preference for Scheme 2 because it reduces the amount of information that is conveyed in RRC signaling.
Since aperiodic SRS is UE-specific and is turned on/off by RRC signaling there is no need for the SRS IE field in DCI Format 4 when aperiodic SRS is not configured for a specific UE. 
Proposal: 
· The CS, comb and possible, frequency domain position are computed from the SRS IE field in DCI format 4 based on a pre-defined rule.
· The SRS IE field is only present in DCI Format 4 when a UE is configured for aperiodic SRS transmission. 

2.3. Triggering in DL DCI format
Triggering in DL DCI formats was proposed to increase the number of triggering opportunities and also for reciprocity based DL transmission (see e.g. [4]). While these benefits are clearly desirable, several issues are evident as was discussed online at the last RAN1 meeting. These issues include
· Power control cannot be applied for SRS transmission when triggered by DL assignments. Thus, the UE shall use the TPC command in the most recent detected UL grant. This weakens the motivation for increasing the number of triggering opportunities due to insufficient UL grants and/or UL subframes in certain TDD configurations. 
· Mandatory configuration of simultaneous A/N and SRS in order to avoid dropping of SRS when the DL DCI format conveys both a DL assignment and a positive SRS request.

Table 2 of the Appendix shows the DCI payload for 0/1A in FDD when 1 SRS bit is added. For each set of 3 rows the first row indicates the final payload size while the next two rows indicate the number of padding bits for size matching formats 0 and 1A and/or to avoid one of the ambiguous payload sizes listed in [5]. It can be seen that when a 1-bit SRS field is added to DCI format 0, one bit is also added to DCI Format 1A for size matching. On the other hand no additional bit is required for TDD since Rel-8 TDD already had 2 padding bits as shown in Table 3. Therefore, the additional bit added to 1A for FDD can be reserved as a padding bit.

Proposal: 

· One padding bit is added to DCI Format 1A in FDD for size matching to DCI Format 0 in the UE-specific search space. No extra bits are required for TDD.

· SRS triggering in DL DCI formats introduces other problems and would need further study. 

3. Transmission Timing

For Rel-8/9 periodic SRS transmission the SRS transmission instances are the subframes satisfying 
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where 
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is defined in [6] for both FDD and TDD. On the other hand for aperiodic sounding the UE shall commence aperiodic SRS transmission in subframe 
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upon detection of a positive SRS request in subframe n. When a positive SRS request is detected in an UL grant in subframe n but subframe
[image: image14.wmf]nk

+

is not a cell-specific SRS subframe it is unclear when/if the UE should transmit the aperiodic SRS. Three possible options for UE behavior are possible, namely:

1) Option 1: the UE shall assume that consistent control information is not detected in the PDCCH and the UE shall disregard the PUSCH resource allocation and aperiodic SRS trigger. This option is the simplest but it also causes a scheduling restriction at the eNB regarding which subframes the eNB shall send a PDCCH conveying a positive SRS request.
2) Option 2: the UE commences SRS transmission in subframe
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are the system frame number, cell-specific subframe configuration period and transmission offset respectively. This option solves the scheduling restriction imposed by Option 1 but with an increase in eNB complexity because the eNB has to avoid collisions between UEs that are configured with the same aperiodic SRS resources.
3) Option 3: in addition to the UE-specific SRS parameters enumerated in Table 1 the UE can also be configured with the srs-Periodicity-ap which specifies the SRS periodicity 
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similarly to Rel-8/9 periodic sounding configuration. The difference with respect to Rel-8/9 periodic sounding is that although the UE is configured with a time/frequency/code resource the UE does not transmit aperiodic SRS unless it detects a prior positive SRS request. Therefore, if a trigger is received in subframe n the UE shall commence SRS transmission in subframe
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where the following conditions must be satisfied
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The same complexity issue of Option 2 is also introduced with Option 3. However, in terms of SRS transmission Option 3 provides a similar structure as periodic sounding where the key difference is that SRS transmission is explicitly scheduled. It also easily facilitates frequency hopped aperiodic sounding. 
Proposal: Option 3 is adopted for UE SRS transmission timing. 
4. Conclusion

Several outstanding issues for aperiodic SRS transmission have been discussed in this contribution. It is recommended that RAN1 adopt the following proposals 

· The SRS bit in DCI format 0 is used to trigger aperiodic sounding with RRC-configured SRS parameters.
· For DCI Format 4 the CS, comb and possible, frequency domain position are computed from the SRS IE field based on a pre-defined rule. 
· The SRS IE field is only present in DCI Format 4 when a UE is configured for aperiodic SRS transmission. 
· One bit is added to DCI Format 1A in FDD for size matching to DCI Format 0 in the UE-specific search space. No extra bits are required for TDD.
· CS-only multiplexing is used for up to 4 SRS antenna ports. If performance issues are observed both CS and comb may be considered for multiplexing.
· The UE is configured with a UE specific periodicity denoted as
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. The UE transmits scheduled SRS in a subframe
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Appendix
Table 2 DCI payload size of 0/1A for FDD

	Type
	 
	Bandwidth (MHz)

	
	 
	1.4
	3
	5
	10
	15
	20

	Rel-8
	Size
	21
	22
	25
	27
	27
	28

	
	0
	2
	1
	2
	2
	1
	1

	
	1A
	1
	0
	1
	1
	0
	0

	MC-flag1
	Size
	21
	22
	25
	27
	27
	28

	
	0
	1
	0
	1
	1
	0
	0

	
	1A
	1
	0
	1
	1
	0
	0

	MC-flag+SRS bit in DCI 0
	Size
	21
	23
	25
	27
	28
	29

	
	0
	0
	0
	0
	0
	0
	0

	
	1A
	1
	1
	1
	1
	1
	1


Table 3 DCI payload size of 0/1A for TDD
	Type
	 
	Bandwidth (MHz)

	
	 
	1.4
	3
	5
	10
	15
	20

	Rel-8
	Size
	23
	25
	27
	29
	30
	31

	
	0
	2
	2
	2
	2
	2
	2

	
	1A
	0
	0
	0
	0
	0
	0

	MC-flag1
	Size
	23
	25
	27
	29
	30
	31

	
	0
	1
	1
	1
	1
	1
	1

	
	1A
	0
	0
	0
	0
	0
	0

	MC-flag+SRS bit in 0
	Size
	23
	25
	27
	29
	30
	31

	
	0
	0
	0
	0
	0
	0
	0

	
	1A
	0
	0
	0
	0
	0
	0


Note 1: Multi-cluster flag
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