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1 Introduction
In last meeting, some issues in codebook based transmission have been addressed. In this contribution, we will present our views on some remaining issues for UL codebook based MIMO aiming to finish codebook based transmission for UL MIMO in Rel-15 specification.
2 SRS Configuration for Antenna Switching for UL MIMO
Depending on UE UL antenna architecture, several PUSCH antenna switching schemes are feasible by using two SRS resources for codebook based uplink transmission.  As an example,  

· (A1) PUSCH antenna selection, with a GP requirement, i.e. one or two OFDM symbols as SRS switching

· (A2) PUSCH antenna selection, with near-zero GP required (i.e. less than a CP of an OFDM symbol), which can be used in FR2 when multiple panels can be always active or pre-activated for power saving but the panels cannot work coherently at the same symbol
· (B) Virtualized SRS selection or other schemes which requires no GP, and the SRS resources can be simultaneously transmitted over the same symbol
Table 1: Example of SRS Resource Configuration with 2T4R for CB based PUSCH
	Possible scheme
	Max rank
	Ports in one SRS resource
	# of simultaneous SRS resources
	# of total SRS resources in the set
	Guard period at symbol level

	(A1)
	2
	2
	1
	2
	1 or 2

	(A2)
	2
	2
	1
	2
	0 

	(B)
	2
	2
	2
	2
	No restriction


Given that the actual implementation for UE antenna port mapping to SRS ports/resources is up to UE antenna architecture, but SRS configurations are determined by the gNB, there can be misunderstanding between the gNB and the UE:

· It is unclear for the gNB whether the UE prefers two SRS resources or whether configured two SRS resources can provide a certain performance benefit. Suppose that from certain UE capability report, the gNB can guess some UE antenna implementation. For example, if the UE supports SRS Tx switch as one of {1T2R, 1T4R, 2T4R, 1T4R/2T4R}, the gNB may assume that the UE can support corresponding PUSCH antenna selection. However, if SRS Tx switch is not reported, can a UE still support SRS configurations like A2 or B in the Table 1? Without such a knowledge, the gNB may play conservatively to avoid configuring two SRS resources for CB based PUSCH. 
· It is unclear for the gNB whether the UE needs a GP to ensure proper antenna switching. For example for SRS configurations A1 and A2, required GP can be zero in A2 where SRS resources can be transmitted in adjacent symbols. Then if the gNB assume a GP with one or two OFDM symbol between two SRS resources as A1, i.e. by avoid any potential UL transmission for given UE during that GP, it will reduce UL transmission efficiency unnecessarily due to lengthy GP. 

On the other hand, if the UE cannot be guaranteed with a sufficient GP between two SRS resources, the UE may not be able to switch UE antenna port(s) through SRS transmission successfully and as a result there is no antenna selective gain. It also means that two configured SRS resources may not provide sufficient performance benefit but only extra SRS overhead, compared to the single SRS resource based CB PUSCH in NR. 

Based on above discussion, if a UE wish to configure two SRS resources in CB to exploit advanced UE antenna architecture, it shall, from the perspective of SRS configuration and SRS overhead, report the minimum GP between two SRS resources at least. Candidate values for such a GP can be {none, 0, 1, 2} as following: 
· If “none” is reported, there is no restrictions for two configured SRS resources which can be configured over the same OFDM symbol;

· If “0” is reported, two SRS resources can be configured only over adjacent and non-adjacent OFDM symbols;

· If “1” or “2” is reported, two SRS resources can be configured only with a GP with at least one or two OFDM symbols respectively.

Proposal 1: Support UE capablity to report the minimum guard period between two symbols conveying SRS resource(s) configured for CB based PUSCH and the candidate value set can be {none, 0, 1, 2} symbols. 


3 Discussion on One-Port Transmission for PUSCH 
One port based UL PUSCH transmission triggered by DCI format 0_0 has been agreed for RRC-connected UE. However, the antenna port for this transmission scheme is transparent to the gNB.

To be specific, for a UE with 1T2R or 1T4R, since UE has multiple available antenna ports and one antenna port among multiple ones must be determined for the UL transmission. It is known that the channel quality for different antenna ports varies significantly and UL transmission performance can dramatically be improved if the optional antenna port can be selected. Regarding this, two alternatives can be considered for the port selection. 

· Alt1: Open loop based port selection

· Alt2: Closed loop based port selection
For Alt1, it is up to UE to select UE antenna port among multiple candidate ones through implementation algorithm especially when no SRS is configured, e.g., through the measurement on downlink signal. However, when channel reciprocity does not hold, determining UL transmission port based on measurement on downlink signal is not proper especially for FDD. Furthermore, different UL interference on multiple antenna ports cannot be sensed by UE based on downlink signal measurement which further impact the accuracy to select the optimal antenna port. Moreover, since UE antenna port used for PUSCH transmission is totally transparent to gNB, gNB cannot perform accurate link adaptation to match with UE’s selected transmission port. 
Considering that gNB can derive demodulation performance of the PUSCH transmitted from different UE antenna port even without SRS resource configuration, gNB can advice preferred UE antenna port for PUSCH transmission to overcome the above mentioned disadvantages of open loop based port selection operation and further improve the robustness of UL transmission, which is similar with the concept of link adaption. 
Observation 1: Compared with open loop based antenna port selection mechanism, closed loop based antenna port selection mechanism can be more robust and has better performance.
In the case that no SRS is configured, the association between SRS port index and UE’s physical antenna port cannot be established between gNB and UE, the absolute SRS port indication cannot be used any more. In this sense, the indication of antenna port switching relative to previous transmitted antenna port can be beneficial by recommending a UE on the port selection for next transmission. More details can be found in [3]. 
Observation 2: Indicating antenna port switching for current PUSCH transmission relative to antenna port used for previous PUSCH transmission should be considered.
The signaling mechanism  of UE antenna port indication can be further considered, for example MAC CE or DCI. Based on the above discussion, we propose that:
Proposal 2: To provide robust single port transmission for PUSCH transmission with DCI format 0_0, NR should support closed-loop port selection.  Details on how to indicate the UE antenna port can be further studied.
4 Conclusions
From the above discussion, we have the following proposal:
Observation 1: Compared with open loop based antenna port selection mechanism, closed loop based antenna port selection mechanism can be more robust and has better performance.
Observation 2: Indicating antenna port switching for current PUSCH transmission relative to antenna port used for previous PUSCH transmission should be considered.
Proposal 1: Support UE capablity to report the minimum guard period between two symbols conveying SRS resource(s) configured for CB based PUSCH and the candidate value set can be {none, 0, 1, 2} symbols. 
Proposal 2: To provide robust single port transmission for PUSCH transmission with DCI format 0_0, NR should support closed-loop port selection.  Details on how to indicate the UE antenna port can be further studied.
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Appendix A: Text proposal 

------------------------------------------ Start of Text Proposal ----------------------------------------------
	#
	Feature group
	Components
	RAN WG recommendation

	---------------------------------------- Unchanged parts omitted --------------------------------------------

	2-54a
	Simultaneous SRS Tx
	1. Maximum number of simultaneous transmitted SRS resources per CC at one symbol, 
2. Minimum guard period at symbol level between two adjacent symbols conveying SRS resource(s) configured for CB based PUSCH.
	Component-1 Candidate Value Set: 

{1, 2}

Component-2 Candidate Value Set: 

{none, 0, 1, 2}




------------------------------------------ End of Text Proposal ----------------------------------------------


