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1 Introduction  
At RAN1 80bis meeting, the potential SRS enhancement schemes for capacity and channel estimation accuracy are agreed to capture in the TR [1]
· Transmitting SRS on unused PUSCH DMRS resources
· Transmitting SRS on PUSCH resources 
· Increasing number of combs
· 4Tx SRS switching transmission
· Precoded SRS
· Increase the number of UpPTs SC-FDMA symbols for SRS
In this contribution, we give our views on the potential SRS capacity and reliability enhancements.
2 Discussion on SRS enhancement 
· Discussion on SRS capacity and reliability enhancement
Considering current SRS configurations, for a specific bandwidth, there are 2 combs and in practice only 4 cyclic shifts available and therefore 8 resources could be used. But for multiple antennas at receiver, e.g. 4 Rx, it will consume 4 resources per UE. Then the SRS capacity can be defined as 
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 QUOTE  
 denotes the number of used cyclic shifts and
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 QUOTE  
 stands for the number of  combs. 
Table 1 summarizes the SRS capacity values from the formula above for wideband sounding (24 RB) cases for different values of UE specific SRS periodicity: 
Table 1: SRS capacity for with 4RB and wideband
	UE specific SRS periodicity
	Wideband (24 RBs) sounding

	2 msec
	4

	5 msec
	10

	10 msec
	20

	20 msec
	40

	40 msec
	80
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Figure 1.performance with different SRS periodicity
Table 1 shows that configuring long SRS periodicity can release the capacity issue at a certain extent. However, using long SRS periodicity makes the eNB hardly capture the instantaneous channel state timely and effectively. It can be seen in Figure 1, the performance with 40ms SRS periodicity has nearly 16% performance loss comparing with 5ms SRS periodicity for eNB with 4Tx. It can be predicted that the performance loss will be even large for 2D antenna array with larger antenna number, which requires more accurate instantaneous CSI. Therefore, long SRS periodicity should not be configured for SRS in EBF/FD-MIMO.The SRS capacity issue should be carefully investigated if only short periodicity is restricted for SRS in EBF/FD-MIMO.
Another important argument in favour of increasing the number of SRS resources is reliability of sounding measurements that is naturally re-enforced when the sounding load is alleviated if more resource for sounding are available. Using more resources for sounding will decrease the errors inherent to allocation of many sounding resources and can provide more accurate measurement for sounding purpose.     
From the above analysis and discussion, we think that for EBF/FD-MIMO, SRS capacity and reliability should be enhanced.
Observation 1: SRS capacity should be enhanced in the EBF/FD-MIMO.
Regarding SRS capacity enhancement, it is straightforward to increase the cyclic shift number. Currently, only 8 cyclic shifts (CS) are used for the SRS, to support sounding in various channel delay spread environments. Increasing this to e.g. 16 CSs could be considered, for more effective use of SRS in low delay spread environments. But for TU channel, it is hardly to support up to 16 CSs since the delay spread is relatively large. Therefore, increasing the cyclic shift number cannot accommodate all the scenarios.
· Transmitting SRS on unused PUSCH DMRS resources
Since DMRS can also be used as the channel estimation reference signal, we can use the unused DM-RS for sounding. A UE can piggyback on a PUSCH transmitted from another UE by utilizing the cyclic shifts that are not used as DMRS. This is easily accomplished by scheduling a pure “sounding UE” with the same or partially overlapped bandwidth as the “PUSCH transmitting UE”, thereby indicating that it should only transmit the DM-RS for sounding purpose (as shown in Figure 2). Alternatively, if some RBs are completely empty, they can be given to one or multiple UEs to transmit DM-RS only for sounding purposes in the same manner. To fully reuse the current DCI, one could consider to use some invalid state on DCI format to trigger sounding. . 

According to the above discussion, we have the following proposal:
Proposal 1: Re-use unused DM-RS for SRS capacity and reliability enhancement.
Both different OCC and different CS can be used to distinguish DMRS for PUSCH and DMRS for SRS. When the DMRS and SRS has the same bandwidth, they can have the same OCC but with different CS as the multiplexing of the DMRS of the 1st UE and the SRS of the 5th UE as shown in Figure 2. Different OCC can be for DMRS for PUSCH and DMRS for SRS to support sounding and PUSCH UE having non-equal bandwidths as demonstrated in figure 1. In this example a large bandwidth is used to sound 3rd UE before scheduling this UE on the best band after 4 sub-frame delay. 
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Figure 2: Sounding using DMRS independent from PUSCH transmission

Proposal 2: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS.
· Transmitting SRS on unused PUSCH resources
It is also worthy to consider transmitting SRS on unused PUSCH resources. With this scheme, sounding can be transmitted in all symbols in the reserved PRBs in a subframe and multiplexed with PUSCH via FDM, as illustrated in Figure 3. The sounding region is reserved, which occupies different PRBs from PUSCH. Such design can be transparent to legacy UEs, so it well guarantees backward compatibility. The legacy UEs can be flexibly scheduled to avoid the SRS region.


Figure 3: Sounding using unused PUSCH resource
The bandwidth and the frequency granularity of the reserved sounding PRBs can be very flexible according to the system requirements, since one sounding sequence can spread over multiple SC-FDMA symbols if needed. In addition, such a hybrid multiplexing scheme can keep the orthogonality among the sounding sequences with different lengths. 
Proposal 3: SRS can be transmitted in all symbols in the reserved PRBs in a subframe and multiplexed with PUSCH in an FDMed manner.
3 Conclusions
In this contribution, we give our analysis on the SRS capacity and reliability issue and we have the following observation and proposals:
Observation 1: SRS capacity should be enhanced in the EBF/FD-MIMO.
Proposal 1: Re-use unused DM-RS for SRS capacity and reliability enhancement.
Proposal 2: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS.
Proposal 3: SRS can be transmitted in all symbols in the reserved PRBs in a subframe and multiplexed with PUSCH in an FDMed manner.
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Simulation assumption
	Parameter
	Value

	Channel models
	3GPP case 1

	
	Fading Scenario: 3GPP UMa

	
	80% users are located indoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2.6 GHz

	Antenna configuration
	16 horizontal antennas, 1 vertical antenna with K=M=8, N=2, X-pol (+/-45), 0.5λ spacing, θetilt = 10 degrees, 

	
	2/4 Tx and 2 Rx at UE with 
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X-polarized: 0/+90 degrees

	
	real antenna calibration. 3D antenna pattern

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP (formula) from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	PF

	Number of UEs per cell
	20 

	Transmit Mode
	TM8

	
	SU: rank-adaption.

	Receiver
	Ideal channel estimation

	
	Ideal interference modeling

	
	IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUCCH_MODE_2_CQI_PMI

	
	CQI  reporting triggered per 5ms without PMI

	
	Feedback delay is 5 ms

	
	Codebook: None

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	0 dB
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1st UE with sub-frame containing PUSCH using OCC=[1 -1],CS=0


1st UE with sub-frame containing PUSCH using OCC=[1 -1],CS=0


2nd UE with sub-frame containing PUSCH using OCC=[1 -1],CS=0


3rd UE with sub-frame containing PUSCH using OCC=[1 -1],CS=1


Sounding of the 4th UE independent from PUSCH using OCC=[1 1],CS=0


Sounding of the 5th UE independent from PUSCH using OCC=[1 -1],CS=1
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