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1. Introduction
In RAN1, the introduction of Dynamic Aperiodic SRS (A-SRS) has been discussed for the efficient support of the multiple Tx antenna scenario. On the other hand, the extension of Periodic SRS (P-SRS) to support multiple Tx antenna has not been discussed yet. Therefore, the interaction between A-SRS and P-SRS is unclear, and companies’ views on A-SRS design seem to be diverse. In order to progress the discussion of A-SRS, it would be necessary to check the simulation results again and ensure the need for A-SRS and the problems when P-SRS is simply extended to multiple Tx antenna transmission. 

In this contribution, we show system level simulation results for the 1x2, 2x2 and 4x2 antenna scenarios with realistic sounding via the above SRS options. And we point out that the sounding mechanism for Multiple Antenna Port Transmission (MAPT) relying only on P-SRS causes severe performance degradation, and is not recommended. Furthermore, we discuss how P-SRS and A-SRS can share the SRS role in the case of the multiple Tx antenna scenario, to avoid this performance degradation. Finally, we propose that P-SRS supports only SAPT (Single Antenna Port Transmission) and A-SRS supports only MAPT (Multiple Antenna Port Transmission).

2. SRS to fully cover Antenna Port Modes
As discussed in RAN 1#60, SAPT is supported as a fallback mode in addition to MAPT [2]. Therefore, channel information for both SAPT and MAPT is necessary even in the multiple antenna port mode (i.e. frequency scheduling and MCS determination), because the antenna virtualization technique is a UE implementation matter and the channel state for SAPT cannot be derived from the MAPT channels. Although the current agreements on transmission modes state that the number of antenna ports can be configured independently for SRS and PUSCH by higher layers [3], a mechanism to obtain the channel states for both SAPT and MAPT in a dynamic manner during the multiple antenna port mode should be supported.

Observation/Requirement:

· Even though the Multiple Antenna Port Transmission (MAPT) is configured for PUSCH transmission, SRS for the Single Antenna Port Transmission (SAPT) as the fallback transmission mode is required.

· A mechanism that can obtain the channel state for both SAPT and MAPT during the multiple antenna port mode is necessary

To satisfy the above mentioned requirements, P-SRS and A-SRS should be designed to cover both SAPT and MAPT simultaneously. The possible options and their pros/cons are listed in Table 1 below:

Table 1 Comparison of options for role sharing between P-SRS and A-SRS

	
	Option 1-a
	Option 1-b
	Option 2-a
	Option 2-b
	Option 3

	Description
	P-SRS: SAPT
A-SRS: MAPT

	P-SRS: SAPT
A-SRS: SAPT& MAPT (L1 controlled)
	P-SRS: MAPT
A-SRS: SAPT
	P-SRS: MAPT
A-SRS: SAPT& MAPT (L1 controlled)
	P-SRS: SAPT and MAPT
A-SRS: MAPT

	SRS used for SAPT sounding (fallback mode) 
	P-SRS
	P-SRS
complementary A-SRS
	A-SRS
	A-SRS
	P-SRS

	SRS used for MAPT sounding
	A-SRS
	A-SRS
	P-SRS
	P-SRS
complementary A-SRS
	P-SRS
complementary A-SRS

	Overhead reduction of SRS resources
	Good
SRS for MAPT can be triggered only when UL transmission is necessary
	Good
SRS for MAPT can be triggered only when UL transmission is necessary
	Bad
More frequent P-SRS transmission is necessary to enjoy Tx diversity gain
	Bad
More frequent P-SRS transmission is necessary to enjoy Tx diversity gain
	Worst
More frequent P-SRS transmission is necessary to enjoy Tx diversity gain

	Scheduling complexity of A-SRS
	Bad
more A-SRS transmission is necessary, and the packing efficiency for A-SRS would be important
	Bad
more A-SRS transmission is necessary, and the packing efficiency for A-SRS would be important
the scheduler should consider optimum SAPT/MAPT L1 switching
	Good
A-SRS is triggered only when fallback transmission is used
	Good
A-SRS is triggered for complementary use and for SAPT fallback
	Good
A-SRS is triggered only when fallback transmission is used

	Performance
	Good
More frequent SRS for MAPT can be achieved
	Good
More frequent SRS for MAPT can be achieved
	Bad
Less frequent SRS for MAPT would occur due to overhead
	Bad
Less frequent SRS for MAPT would occur due to overhead
	Worst
Less frequent SRS for MAPT would occur due to overhead

	Standardization impact for P-SRS
	Not necessary
same as Rel-8
	Not necessary
same as Rel-8
	Necessary
extension to up to 4 Tx
- same subframe
- different subframe
	Necessary
extension to up to 4 Tx
- same subframe
- different subframe
	Necessary
P-SRS should be modified to support two RRC configurations

	Standardization impact for A-SRS
	High
More flexible (optimized) resource assignment scheme would be  necessary
	Worst
More flexible (optimized) resource assignment scheme would be  necessary
SAPT/MAPT switching mechanism is also required
	Low
full flexible scheme is not necessary because A-SRS is less frequently used
	Low
full flexible scheme is not necessary because A-SRS is less frequently used
However, SAPT/MAPT switching mechanism is required
	Low
full flexible scheme is not necessary because A-SRS is less frequently used

	SAPT: Single Antenna Port Transmission
MAPT: Multiple Antenna Port Transmission


According to our assessment above, the feasible options can be classified into 3 groups, i.e. 
· Group-1 (Option 1-a and 1-b) P-SRS for SAPT and A-SRS for MAPT (and SAPT)
· Group-2 (Option 2-a and 2-b) P-SRS for MAPT, and A-SRS for SAPT (and MAPT)
· Group-3 (Option 3) P-SRS for both SAPT and MAPT and A-SRS for MAPT 
Group-1 can reduce overall SRS overhead due to supporting MAPT, and can minimize the performance degradation. However, it imposes optimized scheduling of A-SRS, because more frequent triggering would be necessary to enjoy the gain by multiple Tx antenna transmission. More exactly, the mechanism to achieve higher packing efficiency of A-SRS would be a key factor of the signaling design. Therefore, full flexible cyclic shift and frequency position indication would be necessary.

On the other hand, Group-2 can relax the complexity of A-SRS scheduling and design because A-SRS only has complementary use. For example, only the full bandwidth transmission of A-SRS by non-power limited UEs may be accepted to reduce the overhead of UL-grant. However, the performance for these options should be investigated because the overhead of P-SRS might be detrimental to the performance as evaluated in the next section. And the same analysis can be applied to Group-3, but the performance degradation would be the worst.

The L1 control of SAPT/MAPT using A-SRS (Option 1-b, 2-b) can improve the flexibility of SRS scheduling. However, the necessity of L1 control needs more study because it requires additional overhead on PDCCH and standardization effort to switch them.
Observation:

· If P-SRS is mainly used for SAPT sounding, a design for A-SRS flexible scheduling should be supported.

· Use of P-SRS mainly for MAPT sounding results in a simpler design for A-SRS, because A-SRS is used in a complementary role.

3. Simulation Results using P-SRS only
In this section, we show system level simulation results for SAPT (i.e. 1x2 antenna configuration) and MAPT (i.e. 2x2 and 4x2 antenna configuration) and the degradation due to sounding error if only P-SRS is used. In this simulation, A-SRS is not used and only P-SRS is used for sounding. Note that all the P-SRSs from multiple Tx antenna are simultaneously transmitted in the same subframe. In addition, three different P-SRS transmission intervals (5 ms, 10 ms and 20 ms) are evaluated, and realistic channel estimation is used for demodulation and sounding. Other assumptions are found in Table 3 in Annex.

Table 2 Comparison of Throughput as function of SRS overhead

	Sounding Scenario
	Throughput
	1Tx
	2Tx
	4Tx

	Ideal but delayed (5ms interval)
	5%ile User Throughput (bps/Hz)
	0.056 
	0.063 
	0.070 

	
	gain over 1Tx (%)
	-
	12.82 
	26.21 

	
	Average Cell Throughput (Mbps)
	13.62 
	14.59 
	15.62 

	
	gain over 1Tx (%)
	-
	7.12 
	14.65 

	Realistic *
(the same SRS overhead is kept)
	5%ile User Throughput (bps/Hz)
	0.050 
	0.055 
	0.057 

	
	gain over 1Tx (%)
	-
	8.66 
	12.50 

	
	Average Cell Throughput (Mbps)
	12.98 
	13.89 
	14.20 

	
	gain over 1Tx (%)
	-
	6.52 
	8.55 



The simulation results shown in Figure 1 in Annex are summarized in Table 2 above. 
* - Note that “realistic” in sounding scenario column means the comparison between 5 ms interval for 1Tx, 10 ms interval for 2Tx and 20ms interval for 4Tx, considering the same P-SRS overhead irrespective of the number of Tx antennas. 
These results demonstrate that the potential Tx diversity gain is diminished by the P-SRS inaccuracy of longer intervals, and the marginal throughput gain of 2.03 % can be obtained over 2 Tx can be obtained by 4Tx. Therefore use of A-SRS is necessary. 

It is not acceptable for UE vendors to support 4Tx systems to obtain marginal gain at the expense of antenna deployment efforts and the power consumption by additional PAs. Therefore, it is highly recommended that a design using A-SRS to support efficient MAPT should be supported, to obtain the maximum throughput gain. More concretely, we propose that Option 1-a or Option 1-b (i.e. P-SRS is used for SAPT sounding, and A-SRS is used for MAPT sounding) should be supported to reduce the unnecessary overhead of SRS derived from P-SRS for MAPT.
Observation:

· Use of Periodic SRS only for multiple Tx antenna with longer transmission interval is detrimental to the performance, resulting in less Tx diversity gain.

· To avoid performance degradation due to SRS overhead limitations, the following should be considered as a major use case of multiple antenna port mode:

· P-SRS is used for SAPT sounding.
· A-SRS is used for MAPT sounding .
· A-SRS shouldn’t be a complimentary use.
· A design for A-SRS flexible scheduling should be supported.
4. Conclusion

In this contribution, we discussed how to utilize P-SRS and A-SRS in the case of Multiple Antenna Port modes considering SAPT as a fallback mode, and showed system level simulation results. 
We propose the following:
· In the case of multiple antenna port mode,

· P-SRS with SAPT and A-SRS with MAPT should be considered as a major use case

· A-SRS should be designed considering that eNB can only rely on A-SRS for the MAPT sounding
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6.  Annex

6.1. Simulation Assumptions and Results
Table 3 System Level Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz
46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Antenna Configuration
	Tx: 1, 2 and 4
Rx: 2

	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

	Access scheme
	SC-FDMA
Clustered DFT-S-OFDM with PA-backoff of 6dB
maximum number of clusters = unlimited

	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

	Codebook for precoding
	codebook in 36.814

	Signals used for sounding
	SRS only
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Figure 1 System level simulation result for 1x2, 2x2 and 4x2 scenario
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