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1. Introduction

In RAN1 #63bis, the remaining issues on 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 remaining items below to finalize the design of Rel-10 A-SRS.
1. Support of frequency hopping
2. Subset of periodicity and offset for UE-specific A-SRS subframe

3. A-SRS trigger by DL-assignment

2. Discussion on Remaining Issues

2.1. Support of frequency hopping

Regarding the introduction of hopping mechanism, we have 3 options on the table as following:

· Option 1: No frequency hopping
· Possibly frequency domain position can be dynamically switched using RRC-configuration states.
· Option 2: Frequency hopping is supported for one-shot.

· Option 3: Frequency hopping is supported together with multi-shot.
Table 1 summarizes the system level simulation results for Option 1 and Option 2 considering SCM urban macro and one-shot A-SRS, in order to confirm the necessity of frequency hopping. 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 keeping the same overhead. In addition, only SRS with two-dimensional filter (time & frequency domain) is used for CSI measurement. For Option 1, two frequency domain positions (i.e. separation of half-system-bandwidth) can be indicated alternately, instead of frequency hopping (hereafter called as L1 control). Other assumptions can be found in Table 2 in Annex. 
In general, higher scheduling gain can be obtained by wider-band channel sounding. On the contrary, frequency hopping itself might harm the accuracy of CSI calculation as the supported bandwidth becomes wider because time domain weighted averaging is employed in this evaluation. One of the purposes of this evaluation is to confirm the trade-off relationship between these aspects. 
Table 1 System level performance comparison between frequency hopping and L1 position control (SCM Urban Macro, Case 1) for one-shot A-SRS

	
	bhop=0
	bhop=1
	bhop=2
	bhop=3
- No hopping -
	L1 control

	1x2
	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

	2x2
	Cell-edge User Throughput (bps/Hz)
	0.0478 
	0.0464 
	0.0439 
	0.0428 
	0.0452 

	
	
	(+11.778%)
	(+8.566%)
	(+2.550%)
	---
	(+5.560%)

	
	Mean User Throughput (bps/Hz)
	0.119
	0.120
	0.122
	0.120
	0.120

	
	Average Cell Throughput (Mbps)
	12.4
	12.5
	12.5
	12.5
	12.5


Note: (*) means the performance improvement over bhop=3

From these results, it was demonstrated that frequency hopping can achieve higher performance for cell-edge UEs than L1 control, even though L1 control can obtain performance gain over no hopping case, irrespective of the number of Tx antennas. Note that the reason why bhop=2 and 1x2 case shows the negative gain for cell-edge throughput is that the narrow-band hopping doesn’t contribute to obtain the scheduling gain and the loss by sounding accuracy outperforms it. Therefore, 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 additional feature, and frequency hopping is necessary to maximize the commonality with P-SRS. Meanwhile, L1 control of frequency domain position may require additional complexity for eNB scheduler optimization how to switch frequency domain position. Therefore, we propose following.

Proposal 1:

· Frequency hopping should be supported for A-SRS irrespective of the number of shots.

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

2.2. Subset of periodicity and offset 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 defined for cell-specific SRS subframes. However, it is still FFS whether to use subset of it for the sake of test case reduction. Because the motivation to introduce A-SRS is to achieve the sufficient transmission of sounding signals, higher intervals are obviously unnecessary.Figure 1 shows link level simulation result with link and rank adaptation to clarify the performance degradation due to the delay of PUSCH reception from SRS reception. The assumptions are shown in Table 3 in Annex. It was demonstrated that severe performance degradation happens for the intervals more than 20 ms thus they are not appropriate for the intervals of UE-specific A-SRS subframes. Interval of 20 ms could be supported for the scheduler flexibility even though the performance loss compared to 10 ms case has been confirmed.
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Figure 1 Link level simulation result as a function of SRS interval (SCM urban macro)

Proposal 2:

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

· Interval of 20 ms may be supported despite a small loss in performance compared to 10ms, if more scheduler flexibility is needed.

2.3. A-SRS trigger by DL-assignment

In this section, we discuss the necessity of A-SRS trigger by DL-assignment for FDD. Recalling the motivations to introduce this feature, we can list the following as discussion items, which are discussed below in more detail:

1. Increase of A-SRS transmission opportunities

2. CSI measurement for DL

3. Introduction of another RRC-configuration set

Based on the discussion below, the following can be concluded - A-SRS trigger by DL-assignment would not be so important for FDD, and it is not needed. However, A-SRS trigger by DCI format 1A can be considered only when there is no specification impact, because an additional one bit would be introduced to support A-SRS trigger by DCI format 0 when configured. 

Proposal 3:

· For FDD, A-SRS trigger by DL-assignment is not necessary

· If RAN1 decides that it is to be supported, only DCI format 1A should be considered and spec impacts should be minimized.

2.3.1. Increase of A-SRS transmission opportunities

Because it was agreed that multi-trigger is not supported, it is impossible to set “triggered” for both DL-assignment and UL-grant at the same time (i.e. eNB should set “not triggered” for either of them). In addition, it would be natural to assume that UL and DL traffic are basically independent as in [2]. In addition, if shorter interval (i.e. 2ms) is set for UE-specific A-SRS subframe, the collision possibility between HARQ-ACK and A-SRS would drastically increase, resulting in drop of A-SRS. Therefore, specifying trigger by DL-assignment makes no sense for this purpose.

2.3.2. CSI measurement for DL
We shouldn’t take it into account for the decision because this motivation is applicable only for TDD 

2.3.3. Introduction of another RRC-configuration set

In our assumption, UEs in TM2 mainly uses DCI format 4 for A-SRS trigger, thus A-SRS trigger by DCI format 0 is for the complementary use (e.g. used to measure single antenna port CSI for the fall back to TM1). We don’t see any reason to introduce another additional feature for complementary use.

A-SRS trigger by DL-assignment might be useful to measure the CSI for multi-antenna ports to move into TM2 from TM1. This measurement would not happen so frequently because the purpose is AGI measurement, thus it is not necessary to support A-SRS trigger all DL DCI formats. Therefore, only DCI format 1A can be considered to support A-SRS trigger. In that sense, A-SRS trigger in DCI format 1A should be enabled tied with that in DCI format 0, to reduce unnecessary signaling.

However, it should be noted that such functionality is not essential, because mode transition from TM 1 to TM 2 is possible without AGI measurement. And even if TM 2 is configured under heavy AGI situation, single antenna port transmission by DCI format 0 is still possible. In addition, it is not clear whether DL transmission is scheduled by DCI format 1A except the fallback purpose. 

3. Conclusion

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

· Frequency hopping should be supported for A-SRS irrespective of the number of shots.

· 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.

· Interval of 20 ms can be supported if more scheduler flexibility is needed.

· For FDD, A-SRS trigger by DL-assignment is not necessary.

· If supported, only DCI format 1A can be considered and spec impacts should be minimized.

4. References
[1] 3GPP, RAN1#63bis draft meeting report
[2] R1-102978, KDDI, “View on Detail Design of Dynamic Aperiodic SRS”, 3GPP TSG RAN WG1 #61, May, 2010

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, and
2 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: Co-polarized array with 0.5λ spacing
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 comparisons between frequency hopping and L1 position control (1x2 antenna configurations)
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Figure 2 System level performance comparisons between frequency hopping and L1 position control (2x2 antenna configurations)

Table 2 Link level simulation Assumptions
	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Channel Model
	System level SCM Urban Macro

	
	
	Antenna configuration
	Tx: Cross-polarized
Rx: Cross-polarized

	
	
	UE mobility
	3 kmph

	
	
	Angle spread
	8 degree

	Number of assigned RBs
	5 RBs

	Receiver Type
	Linear MMSE

	Rank adaptation
	On

	Link adaptation
	On (Target BLER for UL-SCH = 10-1)

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation and sounding
	Realistic for demodulation and sounding

	Flashlight effect
	0 dB

	Scheduling Delay from SRS to PUSCH Transmission:
	Tsrs + k ms
Tsrs: transmission interval of SRS, {2, 5, 10. 20, 40, 80} ms
k: Process delay of 4 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme for UL-SCH
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4
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