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1. Introduction
In RAN1#91 meeting, we have the following agreement on SRS antenna switching [1]:
Agreement:
· Support SRS antenna switching for 1T4R and 2T4R UE antenna configuration in Rel-15.

In LTE, only periodic SRS with antenna switching for 1T2R is supported. In order to support SRS antenna switching for 1T4R and 2T4R, there were some discussions in RAN1#91 [2]. In this paper, we discuss the configuration for SRS antenna switching and the connections with uplink data transmission as well as the related UE capabilities. Our discussion also covers the details for the UE sounding procedure for both no frequency hopping and frequency hopping scenarios.
2. Connections to PUSCH transmission
Current LTE SRS antenna switching (AS) only supports 1T2R when UL MIMO is disabled. The current spec in 3GPP TS36.213 for UE transmit antenna selection is [3]
“A UE configured with transmit antenna selection for a serving cell is not expected to
· be configured with more than one antenna port for any uplink physical channel or signal for any configured serving cell, or
· …”
Therefore, if the UE supports UL MIMO for data transmission, it should use SRS also in “MIMO mode”, not in switching mode, as shown in Figure 1.
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Figure 1
For SRS antenna switching for 1T4R, the UE only use single antenna port and we could follow the similar way as legacy 1T2R, that PUSCH with UL MIMO is disabled. However, there may be a special case, that the UE, using two antenna ports for UL MIMO data transmission, has limited capability of antenna switching. For example, tx chain1 is fixed to the UE antenna port0 but tx chain2 is switchable to the other UE antenna port1~3. Due to such limitation, the eNB may configure 1T4R with tx chain 1 or tx chain 2 in different SRS instances, or configure 2T4R to use tx chain1/2 simultaneously and select one of the UE antenna pairs {0,1}, {0,2}, {0,3} for switching. Further study is needed to consider the possible impact. 
If the UE is capable of supporting 2T4R for SRS antenna switching, the UE should also have the capability of two antenna ports for simultaneous transmission. It may make sense to support UL MIMO for other uplink transmission at the same time. Close-loop UL MIMO using two antenna ports for PUSCH could be based on the estimated channel of the SRS 2T4R UE antenna pairs. The relationship between SRS antenna switching for 1T4R and 2T4R and PUSCH transmission mode is summarized in Figure 2.
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Figure 2
Proposal 1: The following combinations of SRS antenna switching and PUSCH transmission mode are supported:
· 1T4R with TM1
· 2T4R with TM2
· FFS: 1T4R with TM2 (for cases where the UE supports UL MIMO but has limitation on UE antenna switching)
3. UE Sounding Procedure for SRS antenna switching 
3GPP TS36.213 defines the UE sounding procedure on how to transmit either one of two transmission antennas according to the SRS transmission instances as [3]
 “When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index [image: ], of the UE antenna that transmits the SRS at time nSRS is given by
[image: ], for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,  [image: ]),
[image: ],[image: ]	 
when frequency hopping is enabled (i.e., [image: ]),
where values BSRS, bhop, Nb, and nSRS are given in Subclause 5.5.3.2 of [3], and [image: ](where [image: ] regardless of the [image: ] value), except when a single SRS transmission is configured for the UE.”




For enhanced SRS antenna switching with 1T4R and 2T4R, a UE is configured to transmit SRS on  SRS antenna ports. We propose to define a parameter  as the number of UE antennas or UE antenna pairs.  could be configured by higher layer based on the UE capability. 
· 

In case of,  is the total number of UE antenna ports. The index [image: ] is the UE antenna port transmitting the SRS at time nSRS.
· 

In case of ,   is the number of UE antenna pairs. The index [image: ] represents the UE antenna pair transmitting the SRS at time nSRS.

The index [image: ], of the UE antenna or antenna pair that transmits the SRS at time nSRS is given by

, 						(1)

for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,); 


,	(2)

when frequency hopping is enabled (i.e., ).



The above equations are used for SRS 1T4R and 2T4R, with no impact on the legacy case of 1T2R. In the future, it is easily extended to arbitrary number  of UE antennas or UE antenna pairs for no frequency hopping and frequency hopping case, such as 1T8R, 2T8R, etc, for further forward compatibility. Except for ,  and K, no other parameters are needed to determine [image: ]. However, the proposal in [2] defined respective complicated equations for each enhanced SRS antenna switching mode involving multiple new parameters, which is not easily extendable to other use cases.  
Proposal 2:
· To use the following equations for UE antenna switching with 1T4R and 2T4R:
· The index [image: ], of the UE antenna or antenna pair that transmits the SRS at time nSRS is given by

, 

for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,); 

,





when frequency hopping is enabled (i.e., ), where  is defined as the number of total UE antennas if  or the number of UE antenna pairs if .  may be configured by higher layer.




For example, for SRS antenna switching with 1T4R,  and eNB configures four different SRS resources for  antennas. When frequency hopping of total K=4 subbands is enabled, the antenna switching in different SRS instances based on Eq. (2) is shown in Figure 3. We can see that the SRS transmission of each antenna has same opportunity per subband. The total duration to get the sounding of all the UE antennas over all subbands requires  instances. 
[image: ]

Figure 3 SRS antenna switching for 1T4R with  UE antennas on K=4 subbands





For SRS antenna switching with 2T4R, and eNB may configure two different SRS resources for   antenna pairs. Assuming same number of K subbands as 1T4R with in Figure 3, the required sounding instances of  to get all the antennas is reduced 50% by using  in Figure 4.

[image: ]

Figure 4 SRS antenna switching 2T4R with  UE antenna pairs and freq hopping




Besides the overhead reduction, the SRS of each antenna pair can also be used for coherent UL MIMO by estimating the relative phase between both antenna ports, which enables the eNB to do UL beamforming for further enhancement. To get the phase estimation of all possible UE antenna pairs, we need more than two SRS resources, i.e., equivalently  antenna pairs. For instance, if the UE has the flexibility to pair all different UE antennas, there are in total 3 possible combinations of two complementary UE antenna pairs, such as {0,1} vs. {2,3}, {0, 2} vs. {1, 3}, and {0, 4} vs. {2, 3}. If there is limitation on the antenna switching at the UE side, e.g., tx chain 1 is fixed to the UE antenna port 0 but tx chain 2 is switchable to the other UE antenna port 1~3, the UE could only switch three antenna pairs as {0,1} {0,2} {0,3}, when configured as SRS 2T4R to get 0~3 antennas. The total required SRS instances/resources could still be tolerable to configure a larger , e.g.,  when K is small in freq hopping or no freq hopping scenarios. Another option, the eNB may configure SRS 1T4R using tx chain 1 or tx chain 2 in different SRS instances. RAN1 may further consider enhanced PUSCH antenna selection to select UE antenna pair based on the SRS 2T4R or to select UE antenna(s) based on SRS 1T4R.

Proposal 3:
· Further consider enhancements to SRS antenna switching for 2T4R with more than two antenna pairs, and its connections to UL MIMO.
4. Configuration and capability for SRS antenna switching
The capability for antenna switching could be UE-specific and band-specific. For some frequency band, the UE may have limitation on antenna switching. Accordingly, the eNB could configure the SRS antenna switching mode for 1T2R/1T4R/2T4R for each of the configured component carriers.
Proposal 4:
· The capability of antenna switching of 2T4R and 1T4R is reported per-band of band combination
· Based on the reported UE capability, the eNB configures the SRS antenna switching mode for 1T2R/1T4R/2T4R per CC.

5. Conclusion
In this paper, we analyse the misalignment issues for different bandwidth. Based on the following observations, we propose to consider the flexible resource allocation for efeMTC with less impact on UE and good backward compatibility.
Proposal 1: The following combinations of SRS antenna switching and PUSCH transmission mode are supported:
· 1T4R with TM1
· 2T4R with TM2
· FFS: 1T4R with TM2 (for cases where the UE supports UL MIMO but has limitation on UE antenna switching)

Proposal2:
· To use the following equations for UE antenna switching with 1T4R and 2T4R:
· The index [image: ], of the UE antenna or antenna pair that transmits the SRS at time nSRS is given by


, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,); 

,





when frequency hopping is enabled (i.e., ), where  is defined as the number of total UE antennas if  or the number of UE antenna pairs if .  may be configured by higher layer.
Proposal 3:
· Further consider enhancements to SRS antenna switching for 2T4R with more than two antenna pairs, and its connections to UL MIMO.

Proposal 4:
· The capability of antenna switching of 2T4R and 1T4R is reported per-band of band combination
· Based on the reported UE capability, the eNB configures the SRS antenna switching mode for 1T2R/1T4R/2T4R per CC.
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