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In this contribution, it is proposed to introduce the support for SRS switching among TDD Scells, which enables DL beamforming operation without PMI feedback even if a UE does not have capability to send UL data on the corresponding TDD carriers.
Motivations for SRS switching among TDD Scells
At RAN1 #58 and #58bis, the feedback scheme for dual-layer beamforming(TM8) was agreed that 
· Transmit diversity based feedback and also PMI based reporting are supported for both TDD and FDD system. 
Similar to TM8, transmit diversity based feedback and PMI based reporting for TM9 are also supported for both TDD and FDD system. 
It is well known that transmit diversity based feedback without PMI and with SRS is beneficial for TDD system as channel reciprocity can be used to achieve better precoding than PMI based reporting feedback.
Table 10.2.3.1-3 and 10.2.3.2-3 from TR 36.814 v9.0.0 [1] show the spectrum efficiency results of 8-by-2 MU-MIMO schemes with eNB antenna configuration (C/E). From these results of the same sources in the tables (e.g., source 1 and source 10), it can be seen that compared to codebook based PMI feedback (FDD case), beamforming with SRS channel reciprocity (TDD case) can bring about 13%-23% performance gain in cell average. For cell edge, there is about 11% gain.
Table 10.2.3.1-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.77
	0.091

	Source 5
	2.80
	0.104

	Source 10
	2.55
	0.070

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060




Table 10.2.3.2-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.42
	0.102

	Source 2
	3.14
	0.077

	Source 9
	2.92
	0.075

	Source 10
	2.89
	0.077

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060



Please note the above simulation results are based on codebook PMI feedback provided by each company, we provide additional simulation results with Rel-10 codebook based PMI feedback for Rel-10 and Rel-13 antenna configuration in the appendix which confirm that the gain is significant.
From all simulation results, it is clear that there is significant performance gain comparing SRS transmission with codebook based PMI feedback for TDD carrier in case of TM8/9.
Observation 1: There is significant performance gain comparing SRS transmission with codebook based PMI feedback for TDD carrier.
Therefore, we have the following proposal
Proposal 1: SRS transmission should be enabled on the TDD carrier configured for DL transmission.
However, in general, UE usually has the capability of aggregating more DL carriers than UL carriers. There are a large number of WIDs with CA configuration of more DL than UL in RAN4. A small fraction of these CA configurations are listed in Table 3 in the appendix.  As a result, some of TDD carriers with DL transmission for the UE will have no UL transmission including SRS. Therefore, TDD channel reciprocity cannot be utilized for these TDD carriers. Such situations will become more severe with CA enhancement of up to 32 CCs where a large portion of CCs are TDD. Therefore, how to allow SRS transmit on these TDD carriers should be considered.
Solution for SRS switching among TDD Scells
In order to better take advantages of TDD channel reciprocity in such a situation, one solution is, to allow the UE to transmit SRS on these TDD carriers over time. The number of carriers for SRS transmission may exceed the number of carriers dictated by the UE UL CA capability.
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Figure 1 SRS transmission on the TDD Scells over time when two UL CCs are supported
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Figure 2 SRS transmission on the TDD Scells over time when one UL CC is supported
When the UE is capable to support at least two UL CCs, e.g., Pcell and Scell1 in figure 1, PUCCH is only on Pcell, PUSCH can be transmitted on both Pcell and Scell 1 at the same time; Scell 2~5 in the figure 1 cannot be used to carry PUSCH and PUCCH, are only used for SRS transmission in UL timeslot. UE transmits UL signal only on one Scell at a time. SRS on Scell 2-5 will be dropped when UL transmission on Scell 1 collides with SRS transmission on Scell 2-5 at the same time. It therefore means that UE can transmit UL signals only on two carries at the same time to ensure it is within UE capability of two UL CCs. eNB can configure the different SRS transmission instance on different Scell in order to facilitate SRS switching among these TDD Scells. There should be some transition times when SRS is transmitted among Scell 1~5 in the figure 1 by TDM manner, and the transition time may be similar to that of retuning time between narrowband regions in eMTC WID, e.g., two symbols in [3],which is less than 1ms transmission interval of SRS on different Scells. 
When the UE can support only one UL CC at the same time, PUCCH is still only on the Pcell. In order to keep standard/specification impact as small as possible, SRS on Scells will be dropped when any UL transmission on Pcell collides with SRS on Scells. Therefore UL transmission on Pcell is not impacted by SRS transmission switching among Scells with DL transmission over time. 
Standards impacts for SRS switching among TDD Scells
In this contribution, standard impacts for SRS switching are discussed from RAN1 perspective.
It is obvious that current periodic SRS design and one-shot SRS triggered by DL assignment can be reused, but one-shot SRS triggered by UL grant is not supported because there is no UL grant for those Scells. 
SRS transmission on Scell with UL data has been supported for UE with capability of UL CA since Rel-10. Therefore, we mainly consider the issues of SRS transmission on Scells without UL data. It is expected that there are some potential issues about SRS power control. The following power control formulation is given below [4]:

 



As there is no PUSCH on the TDD Scell, need to be replaced by signalled by high layer. In addition, close loop power control command  for SRS transmission without UL grant for the TDD Scell needs to be supported. We can reuse the current closed loop PC mechanism of PUCCH carried on SCell (signalled by format 3/3A in CSS on PCell). 
In summary, amount of standard impacts is relatively small in RAN1 to support SRS switching among TDD Scells with DL transmission. 
Observation 2: the amount of standard impacts is relatively small in RAN1 to support SRS switching among TDD Scells with DL transmission. 
High layer impact analyses are given in [5]. Also small standard impact in RAN2 is expected if the Scells with SRS only in UL transmission belong to existing TAG. It is feasible to implement SRS switching for some CA configurations in [6] from RAN4 standard perspective in Rel-13.
Based on the above discussion, besides the necessary specification changes to facilitate SRS transmission switching between a set of SCells, the amount of additional standards impacts needed is small. Therefore, considering limited standard impact and significant performance gain, we have the following proposal:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: Enable SRS transmission switching among TDD Scells with DL transmission over time in Rel-13. 
Conclusion
In this contribution, it is proposed to consider the support for SRS switching among TDD Scells with DL transmission in order to enable DL beamforming operation with SRS transmission even if a UE does not have capability to send UL data on the corresponding TDD carriers. The followings are observed:
Observation 1: There is significant performance gain comparing SRS transmission with codebook based PMI feedback for TDD carrier. 
Observation 2: The amount of standard impacts is relatively small in RAN1 to support SRS switching among TDD Scells with DL transmission.
Based on the discussions, the following proposals are given: 
Proposal 1: SRS transmission should be enabled on the TDD carrier configured for DL transmission.
Proposal 2: Enable SRS transmission switching among TDD scells with DL transmission over time in Rel-13. 
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Appendix: 
Table 1 Simulation assumptions for Rel-10 antenna configuration
	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	Tx number:4/8
Rx number:2
BS: 0.5/4.0 Lambda  MS: 0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Ideal

	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	Zero-forcing beamfoming for MU-MIMO 
Rel-10 Codebook –based /non-quantized codebook precoding for SU-MIMO  

	Receiver algorithm
	MMSE-IRC/Blind detection enable 

	Overheads 
	R10: 2 CRS ports and 12REs/RB DMRS 




Table 2 Simulation Assumptions for Rel-13 antenna configuration

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees .
4H2V

	
	
2 Rx at UE with spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM9

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2 or 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation, PUSCH 3-0 for reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook: Rel-10 8Tx codebook

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

	Handover margin
	3 dB


 

        
Figure  1 Cell average and cell edge SE with antenna spacing 0.5/4.0 lambda for Case1
From the figure 1, it can be seen that compared to Rel-10 codebook based PMI feedback, beamforming with SRS channel reciprocity can bring about 11%-30% performance gain in cell average for 4x2/8x2 antenna configuration. For cell edge, there is a similar gain from 10% to 33%.
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Figure 2.average UPT for 4H2V in UMa scenario with ISD 500m
From Figure 2, it can be seen that for 4H2V antenna configuration, the maximum performance gap between PMI based feedback and SRS transmission is up to 36%.
Table 3 exemplificative RAN4 WID for CA configuration
	WID No.
	CA Configuration
	Category
	BW Class
	TDD/FDD
	Region
	REL

	RP-151159
	CA_B1_B3_B19_B42_B42
	5DL/1UL
	　
	TDD+FDD
	Japan
	R13

	RP-151160
	CA_B1_B19_B21_B42_B42
	5DL/1UL
	　
	TDD+FDD
	Japan
	R13

	RP-151512
	CA_B1_B3_B7_B7_B28
	5DL/1UL
	　
	FDD
	Australia
	R13

	RP-131244
	CA_41D
	3DL/2UL
	D
	TDD
	USA
	R12

	RP-140453
	CA_40D
	3DL/2UL
	D
	TDD
	China
	R12

	RP-140950
	CA_40D (+BW)
	3DL/2UL
	D
	TDD
	EU
	R13

	RP-151513
	CA_B3_B3_B7_B7_B28
	5DL/1UL
	　
	FDD
	Australia
	R13
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