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1 Introduction

Close loop and open loop antenna selection had been specified in LTE, where UE can transmit signals on either one of two antenna ports based on eNB configuration or random selection. SRS antenna ports switching is the key feature for TDD LTE system, which enable eNB to obtain full downlink channel via measuring SRS transmitted on alternate Tx antenna.

This contribution discusses the necessity of SRS antenna switching enhancement, as well as SRS antenna switching scheme. 
2 Discussion

2.1 Necessity on enhancing SRS antenna switching
The SRS antenna switching was originally introduced in LTE Rel-8, where periodic SRS can be transmitted one either one of the transmission antennas according to predefined rules. SRS on one side can be used for measuring uplink channel quality, as well as obtaining downlink beamformer thanks to the channel reciprocally between uplink and downlink for TDD system. SRS antenna switching on two antennas meets the requirement for those original LTE networks and UEs. 
However, with the technology development, UEs with high capability is becoming popular. It would be anticipated that UEs with 1T4R or 2T4R would dominate phone market in the coming 1 or 2 years. In another use case, a wireless network node may connect to an outdoor above-rooftop or indoor customer premises equipment (CPE) and then delivers to indoor users (home users, office users, customers in commercial buildings, etc.) via other links. In such scenario, CPE may be equipped with more receiver antenna ports (e.g., 4 or 8 Rx antenna) than transmit antenna ports (e.g., 1 or 2 Tx antenna). Taking these new use cases into account, the SRS antenna switching specified in LTE Rel-8 is far away from the current requirement.
In LTE Rel-13 SI and WI phase, 4Tx antenna switching was extensively discussed, and significant gain was observed. However due to lack of solid study in RAN4 on insertion loss and switch transient related issues, this feature finally was not included in Rel-13 but could be considered in a later release. So far RAN4 has studies those issues, and NR finally supports 4Tx antenna switching.  Hence from the LTE perspective, it is mature to enhance SRS antenna switching. Hence, we propose
Propsal1: Enhance SRS antenna switching for the following antenna configurations on UE side
· 1T4R and 2T4R
· 1T8R and 2T8R
2.2 Schemes on SRS antenna switching
Here, enhancement on periodic SRS transmission is considered. To support that, the correspondence between the antenna ports and SRS transmission instances should be defined in the specification for 1T4R, 2T4R, 1T8R and 2T8R. It is well known that the following principle is satisfied in 2 antenna SRS switching:

1) The whole configured bandwidth for SRS needs to be covered by K SRS transmissions

2) In the K SRS transmissions, the opportunity of SRS transmission for each antenna is needed to be as equal as possible

3) Within 2K SRS transmissions, the whole configured bandwidth for SRS is covered by each antenna 
The similar principle can be followed to enhance SRS antenna switching. Taking 1T4R antenna switching as an example, the following antenna switching rules can be defined,
· When Frequency hopping is not enabled, the antenna index for SRS transmission
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where nSRS  counts the number of UE-specific SRS transmission.
When frequency hopping is enabled, the index 
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where, 
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where 
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is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS. 
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are used to guarantee that the whole configured bandwidth for SRS can be covered by 4K SRS transmissions for each antenna and the opportunity for SRS transmission is as equal as possible for each antenna in K SRS transmission. 
Compared with 2 antenna switching, additional factor 
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 is introduced. Moreover, the values of 
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 depend on the K. When K equals 8, 16 or 24, factors 
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 should take effect to decide which antenna to transmit SRS, Otherwise, it cannot guarantee SRS is evenly transmitted on 4 antenna and K bands within 4K SRS transmission instances. For other values of K, 
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For 2T4R antenna switching, the antenna switching rules can be

· When Frequency hopping is not enabled, the index 
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When frequency hopping is disabled, the index 
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of a pair of UE antenna that transmits the SRS at time nSRS is given by 
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The antenna switching rules for 1T8R and 2T8R should be similar with that for 1T4R and 2T4R.
Based on the proposed scheme, we show the antenna switching pattern for 1T4R SRS transmission in Table 1. In the example, SRS hopping is enabled with K = 4. Each SRS transmission will cover one fourth of the whole configured bandwidth for SRS. K=4 SRS transmissions covers the whole configured bandwidth for SRS. 

Table 1 An example of SRS hopping with K=4

	nSRS
	The 1st hopping band
	The 2nd hopping band
	The 3rd hopping band
	The 4th hopping band

	0
	Antenna 0
	
	
	

	1
	
	Antenna 1
	
	

	2
	
	
	Antenna 2
	

	3
	
	
	
	Antenna 3

	4
	Antenna 1
	
	
	

	5
	
	Antenna 2
	
	

	6
	
	
	Antenna 3
	

	7
	
	
	
	Antenna 0

	8
	Antenna 2
	
	
	

	9
	
	Antenna 3
	
	

	10
	
	
	Antenna 0
	

	11
	
	
	
	Antenna 1

	12
	Antenna 3
	
	
	

	13
	
	Antenna 0
	
	

	14
	
	
	Antenna 1
	

	15
	
	
	
	Antenna 2


From Table 1, we can see that the opportunity for each antenna is the same in K=4 SRS transmissions and the whole configured bandwidth can be covered for each antenna in 4K=16 SRS transmissions.
3 Conclusions

This contribution discusses the necessity of SRS antenna switching enhancement, as well as SRS antenna switching scheme. 
Propsal1: Enhance SRS antenna switching for the following antenna configurations on UE side

· 1T4R and 2T4R

· 1T8R and 2T8R

The scheme in section 2.2 should be introduced in LTE.
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