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1 Introduction  
In RAN#65, 16 TxRUs, 32 TxRUs and 64 TxRUs were included in the SID for EBF/FD-MIMO [1]. In TDD system, MIMO operation relies on channel reciprocity. Therefore, uplink SRS plays an important role in the DL channel state measurement when channel reciprocity is applied. For EBF/FD-MIMO, the SRS capacity issue and consequently reliability of measurements inherent to this aspect should be carefully studied to ensure the acceptable performance. 

On the other hand, four receiving antennas will be discussed in RAN4. To enhance the accuracy of SRS measurement for the 4Rx users (with 1Tx), SRS with 4Tx switching should also considered. 
In this contribution, we give our views on the potential SRS enhancements for EBF/FD-MIMO.
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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in the above formula, 
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 denotes the number of used cyclic shifts and stands for the number of  combs. The formula shows that configuring long UE specific SRS periodicity can increase the capacity. However, using long SRS periodicity makes the eNB hardly capture the instantaneous channel state timely and effectively.
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Figure 1.performance with different SRS periodicity
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.
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. 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 having an entry in the MCS table of the UCI with payload size “zero” which indicates the UE shall only transmit DM-RS for sounding purposes. 

According to the above discussion, we have the following proposal:
Proposal 1: Re-use unused DM-RS for SRS capacity and reliability enhancement
· Discussion on SRS 4Tx switching
In R13, UE with 4 Rx will be discussed in RAN4. To obtain the full downlink channel information with 4 Rx by using the reciprocity in TDD case for the UE with 4 Rxs but only 1Tx, 4Tx switching should be considered. 
In Figure 2 and Figure 3, we give the preliminary system simulation results for 4Tx switching compared with 2Tx switching. In the simulation, we assume there are 16 TXRUs at transmitter and the scenario is 3D-UMa with ISD 500m. The full buffer traffic model is used in the preliminary simulations. Other detailed simulation assumptions are given in the appendix. In Figure 2, we give the comparison of CDF for UE throughput between 4Tx switching and 2Tx switching.  As shown in Figure 2, the 4TX SRS switching brings significant performance gain comparing with 2Tx SRS transmission for UE throughput.
In figure 3, we also give the comparison between 4Tx switching and 2Tx switching for cell average throughput and cell edge throughput. From Figure 3, we can see that there are 19% and 29% performance gain can be obtained in cell average and cell edge.
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Figure 2. performance of 4Tx SRS switching and 2Tx SRS switching
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Figure 3. performance gain of 4Tx swithing in 16 TXRUs case
Therefore, considering the significant gain brought by 4Tx SRS switching we propose to support SRS 4Tx switching.
Proposal2: SRS 4Tx switching should be supported.
3 Conclusions
In this contribution SRS capacity, reliability issue and SRS 4Tx switching are discussed. We have the following observation and proposals:
Observation 1: SRS capacity should be enhanced in the EBF/FD-MIMO.
Proposal1: Re-use unused DM-RS for SRS capacity and reliability enhancement.
Proposal2: SRS 4Tx switching should be supported.
References

[1] RP-141644, New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE, Samsung, Nokia Networks
[2] 3GPP TR 36.913,”Requirements for further advancements for E-UTRA”
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 antennas, X-pol (+/-45), θetilt = 100 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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