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1. Introduction

In RAN1 #63, the remaining issues on the detail of dynamic aperiodic SRS (A-SRS) were discussed and the remarkable progress has been reached as in [1]. In this contribution, we share our views for the following items to finalize the mandatory features of Rel-10 A-SRS.
1. Support of frequency hopping
2. Use of subset of periodicity and offset tables for UE-specific A-SRS subframe
3. RRC-configured A-SRS parameters in DCI format 0 and 4

4. Multiplexing between antenna ports (common for P-SRS and A-SRS)

5. Support of carrier aggregation

2. Discussion on Remaining Issues

2.1. Support of frequency hopping
Regarding the introduction of hopping mechanism, we have 2 options and each option has benefits and drawbacks as follows. Note that “Frequency Hopping” means that the frequency domain position is automatically determined without explicit L1 signaling.

· Option 1: Frequency hopping mechanism is supported, and the frequency domain position is determined by the subframe index in which the A-SRS to be transmitted, as in Rel-8/9
· Pros

· Easy resource management at eNB

· Cons

· Frequency domain position should always follow the hopping function. For example, only contiguous position sounding can be supported.
· Option 2: No frequency hopping support, and frequency domain position is dynamically changed using RRC-configuration states
· Pros

· Simple specifications

· Cons

· Indication of frequency domain position occupies at least one state out of 3. That may reduce the flexibility of UE collision control.
· Only 2 or 3 positions can be indicated.

· no scheduling gain is expected when A-SRS is triggered by DCI format 0

It is noted that the drawback for Option 2 (i.e. DCI format 0) would not be harmful because A-SRS trigger by DCI format 0 is a complementary use. Considering the above discussions, it seems that the final decision should be made based on the performance, especially whether frequency hopping can derive additional gain over frequency domain position control by L1.
Table 1 summarizes the system level simulation results for Option 1 and Option 2 considering SCM urban macro, 1x2 antenna configurations and one-shot A-SRS. In this evaluation, P-SRS and A-SRS are partitioned by comb and 2 out of 5 subframes are set as cell-specific SRS subframes. The interval of P-SRS is 80 ms for all UEs and that of A-SRS is 5~20 ms depending on the usage of A-SRS resources. In addition, only SRS with two-dimensional filter (time & frequency domain) is used for channel sounding. For Option 2, two frequency domain positions (i.e. separation of half-system-bandwidth) are indicated alternately. Other assumptions can be found in Table 3 in Annex. From these results, it was demonstrated that Option 1 (frequency hopping) can achieve higher performance for cell-edge UEs than Option 2 (L1 control), even though Option 2 can obtain performance gain over no hopping case.
Table 1 System level performance comparison between frequency hopping and L1 position control (1x2, SCM Urban Macro, Case 1) for one-shot A-SRS
	
	bhop=0
	bhop=1
	bhop=2
	bhop=3
(no hopping)
	L1 control

	Cell-edge User Throughput (bps/Hz)
	0.0403
	0.0392
	0.0359
	0.0373
	0.0381

	
	(+8.155%)
	(+5.069%)
	(-3.561%)
	---
	(+2.281)

	Mean User Throughput (bps/Hz)
	0.112
	0.113
	0.113
	0.111
	0.113

	Average Cell Throughput (Mbps)
	11.5
	11.6
	11.6
	11.5
	11.6


From the discussions above, it was confirmed that frequency hopping is more beneficial than L1 control of frequency domain position in terms of cell-edge performance. More importantly, frequency hopping is already supported for P-SRS, and it doesn’t require another feature. Meanwhile, L1 control of frequency domain position may require additional complexity for eNBs to optimize its scheduling algorithm how to switch frequency domain position. Therefore, we propose following.
Proposal 1:

· Rel-8 SRS hopping mechanism is supported
· The hopping pattern defines the SRS bandwidth position in a sub-frame.

· The same formulae as Rel-8/9 are reused to determine the frequency domain position

2.2. Use of subset of periodicity and offset tables for UE-specific A-SRS subframe
In RAN1#63, it was agreed to introduce UE-specific A-SRS subframes, and to reuse the interval and offset tables as in Rel-8/9. However, it is still FFS that the entire table can be possible or subset of them is used. Because the motivation to introduce A-SRS is to achieve the sufficient transmission of sounding signals, such a longer interval as 40, 80, 160 or 320 ms is obviously useless. Therefore, these intervals should be restricted, and then it would be helpful to reduce the test cases.

Proposal 2:

· Longer intervals such as 40, 80, 160 and 320 ms is not appropriate for UE-specific A-SRS subframe
2.3. RRC-configured A-SRS parameters in DCI format 0 and 4

According to the agreement in RAN1#63, it was agreed that the following SRS parameters are RRC-configurable for DCI format 4:

· SrsBandwidth 




--- (2 bits)
· FrequencyDomainPosition 


--- (4 bits)
· SrsHoppoingBandith (if hopping is supported) 
--- (2 bits)
· transmissionComb 



--- (1 bit)
· cyclic shift 




--- (3 bits) 
· duration (if multi-shot SRS is supported)

--- (X bits)
· number of antenna ports



--- (2 bits)
However, it is clear that the combination of parameters is too many and some of them should be restricted to reduce the signaling overhead and test cases. Therefore, it would be worthwhile reconsidering the parameters is indeed necessary to be dynamically configurable (i.e. each RRC configuration set has own RRC parameter), even though they have already been agreed. 

SrsBandwidth: In our view, the SRS transmission bandwidth should be set wider as long as the transmission power permits, thus we can’t see the necessity to use smaller bandwidth. Therefore, dynamic change of SrsBandwidth is unnecessary.
FrequencyDomainPosition: If plural UEs, which do not transmit full-bandwidth SRS, are multiplexed by FDMA, frequency domain position can be used as a UE collision control technique. On the other hand, dynamic control of frequency domain position can be used to obtain sounding signals with different position, resulting in scheduling gain. The former benefit is expected only for the power limited UEs, and the latter benefit is valid only when frequency hopping is not supported. Therefore, dynamic change of FrequencyDomainPosition would be second priority.
srsHopping Bandwidth: Because the benefit of frequency hopping can be obtained considering the hopping cycle, it is obviously unnecessary to keep it dynamically configurable.

number of antenna ports: If 3 states are available for DCI format 4, dynamic change of number of antenna ports would be useful to obtain the channel state for transmission mode fallback. However, it would be difficult to keep one state for the fallback use because the major motivation of 3 RRC-configuration states is collision control. Therefore, it should be carefully considered whether dynamic change of number of antenna ports is really useful or not. 
Taking the above discussions into account, we propose following:
Proposal 3:

· CyclicShift and TransmissionComb should be dynamically configurable 
· FrequencyDomainPosion can be dynamically configurable if frequency hopping is not supported

Another issue on this topic is whether RRC-configuration state for DCI format 0 should be a subset of DCI format 4 or not. In our view, A-SRS is mainly triggered by DCI format 4 for multiple antenna port transmission, and trigger by DCI format 0 is a complementary use. For example, it can be used to measure CSI for single antenna port mode when TM2 is configured for PUSCH, and it would be used less frequently than DCI format 4. In this case, it is not necessary to assign different parameter set from DCI format 4, and using a subset would be beneficial to reduce the test cases. Therefore, we propose the following:
Proposal 4:
· A RRC-configuration state for DCI format 0 should be a subset of DCI format 4

· However, number of antenna ports should be separately configured

Our overall proposal can be summarized in Table 2 below:

Table 2 Parameter list for A-SRS triggered by DCI format 4 and 0
	DCI format
	Bit state
	Number of antenna port
	CS for 1st antenna port
	transmission comb
	freqDomain Position
	srs Bandwidth
	srsHopping Bandwidth

	0
(0: Not Triggered)
	1
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2.4. Multiplexing between antenna ports
During the discussion in RAN1 #62 and #62bis, the method to multiplex between antenna ports was discussed, and it was concluded that the combined use of cyclic shift and comb are available for this purpose. However, it would be beneficial to narrow down the combination of cyclic shift and comb to keep the specifications to the minimum, and the use of “cyclic shift only” should be studied more. 
In addition considering that the RRC parameters in Rel-8/9 are designed for single Tx antenna port, it is beneficial to use implicit parameter assignment from one Tx antenna port to multiple Tx antenna ports. This requirement can be easily achieved when only cyclic shift can be used for the multiplexing. However, considering that the original motivation to introduce comb is the extended CP case, implicit mapping is still possible if the use of comb is restricted to the extended CP case. Therefore, we propose the following:
Proposal 5:

· Cyclic shift and transmission comb for each antenna port is implicitly determined from nCSSRS and kTC indicated by RRC
· 
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· If 4 Tx antenna port is configured for SRS and extended CP is used,
· 
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2.5. Support of Carrier Aggregation

Considering the design of A-SRS for one CC case, it would be natural that A-SRS is transmitted then PUSCH is to be transmitted. Therefore, the CC used to transmit A-SRS should just follow CIF message, and no other complicated technique would be necessary. 

Proposal 5:

· A-SRS is transmitted only in one UL CC per subframe per trigger.

· If the CIF exists in DCI format,

· A-SRS is transmitted in the UL CC indicated by CIF.
· Otherwise,

· A-SRS is transmitted in the CC that is SIB2 linked to the DL CC carrying the trigger.
3. Conclusion

In this contribution, we discussed the remaining issues on A-SRS signaling to finalize the specification work for Rel-10. We propose the following:
Proposals:

· Rel-8 SRS hopping mechanism is supported
· The hopping pattern defines the SRS bandwidth position in a sub-frame.

· The same formulae as Rel-8/9 are reused to determine the frequency domain position

· Longer intervals such as 40, 80, 160 and 320 ms is not appropriate for UE-specific A-SRS subframe

· CyclicShift and TransmissionComb should be dynamically configurable

· FrequencyDomainPosion can be dynamically configurable if frequency hopping is not supported

· A RRC-configuration state for DCI format 0 should be a subset of DCI format 4

· However, number of antenna ports should be separately configured

· Cyclic shift and transmission comb for each antenna port is implicitly determined from nCSSRS and kTC indicated by RRC
· 
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· If 4 Tx antenna port is configured for SRS and extended CP is used,

· 
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· otherwise,
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· A-SRS is transmitted only in one UL CC per subframe per trigger.

· If the CIF exists in DCI format,

· A-SRS is transmitted in the UL CC indicated by CIF.

· Otherwise,

· A-SRS is transmitted in the CC that is SIB2 linked to the DL CC carrying the trigger.
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5. Annex

5.1. Simulation Assumption

Table 3 System Level Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz
46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Antenna Configuration
	1 antenna for Tx and 2 antennas for Rx

	Cell Layout
	3GPP case 1 3D

	
	
	Hexagonal grid

	
	
	19 cell sites / 3 cells per cell site

	
	
	ISD=500 m

	Number of UEs 
	570 UE (10 UE per cell)

	TPC parameters
	Pmax=23 dBm
P0=-84 dBm
α=0.8
Ks=0 in 36.213

	Scheduling scheme
	Proportional fairness

	Channel Model
	SCM urban macro

	
	
	Antenna configuration
	Tx: --
Rx: Co-polarized array with 10λ spacing

	
	
	UE mobility
	3 kmph

	
	
	Angle spread
	8 degree

	Access scheme
	Dynamic switching of SC-FDMA and Clustered DFT-S-OFDM with PA-backoff of 6dB
Maximum number of clusters = 2

	Receiver Type
	Linear MMSE

	Rank adaptation
	On

	Link adaptation
	Target BLER = 10-1

	Channel Estimation for demodulation
	Realistic

	Channel Estimation for CSI 
	Realistic

	Traffic model
	Full buffer

	HARQ scheme
	Chase Combining
round trip delay = 8 ms
Maximum Retransmission number =4

	Scheduling algorithm
	Proportional Fairness

	SRS setting
	P-SRS and A-SRS are partitioned by comb
Cell-Specific SRS subframe: 2 subframe per 5 subframe
Interval: 80ms for P-SRS and 5~20 ms for A-SRS
One-shot A-SRS is considered
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Figure 1 System level performance comparison between frequency hopping and L1 position control 
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