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1. Introduction
In this contribution, we discuss the operation of antenna mode switching, especially under AGI.
2. Transmission Mode Configuration
It is agreed that the multi-antenna transmission is independently configured for PUSCH, PUCCH, and SRS. In particular, 

· RRC configuration of the two transmission modes for PUSCH (see later discussion)
· RRC configuration of the 1 or 2 antenna ports used for PUCCH transmission 
· RRC configuration of the number of antenna ports for SRS transmission

On PUSCH, two transmission modes are defined in Rel-10 [2] according to the table below. A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via PDCCH according to one of two uplink transmission modes. Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission mode by higher layer signalling.

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 8.0.1)


	Mode 2
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 8.0.1)

	
	DCI format 4
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 8.0.2)


Relationship between SRS antenna port and PUSCH antenna port

According to [1], a transmission port is defined by its associated reference signal such that the channel over which symbols on the same transmission port is conveyed can be estimated from the reference signal.  In the uplink, the reference signal associated with transmission port 
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 is not necessarily transmitted on antenna port 
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. The following types of reference signals are defined:

-
PUSCH demodulation reference signals, associated with transmission ports 
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-
Sounding reference signals, associated with transmission ports 
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-
PUCCH demodulation reference signals, associated with transmission ports 
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In Mode 1, a multi-antenna UE should behave as a single-antenna UE. It is a UE implementation issue with respect to whether the actual transmission is from single physical antenna as in Rel-8 (in which case one antenna could be deemed as the main default antenna with max PA power up to Pcmax), or from a virtual antenna using all PAs. 
We can see the following different operation that are all valid:

· Case #1:  In PUSCH single antenna mode (mode 1), a single antenna port is configured for SRS transmission and it is the same antenna port associated with PUSCH transmission. Regardless of whether virtualization is applied or not, the same single antenna port is needed to ensure that the channel estimated from SRS reflects the actual UL channel for the purpose of UL frequency selective scheduling.

· Case #2: In PUSCH single antenna mode (mode 1), 2 or 4 antenna ports are configured for SRS transmission for, as an example, TDD sounding. If antenna virtualization is applied for PUSCH single-antenna mode, the PUSCH antenna port depends on all the SRS antenna ports. If a “main” antenna is used for PUSCH single-antenna mode, the PUSCH antenna port only relates to one of the SRS antenna port (even though the eNB still may not know which SRS antenna port is associated with the PUSCH single antenna port). The SRS transmission may or may not be useful for UL scheduling purposes.
· Case #3: In PUSCH Closed-loop spatial multiplexing mode (mode 2), the 2 or 4 PUSCH antenna ports should be the same as the SRS antenna ports, so that a meaningful UL precoder can be chosen by eNB. 
We see that in case #1 and #3 there is an expected relationship between antenna ports associated with PUSCH and SRS transmission if SRS is used to assist UL transmission. But in case #2 where SRS is used to assist DL transmission, the antenna ports in PUSCH and SRS are not related any more. 
Proposal:

· Even though antenna port configuration is independent for PUSCH and SRS, the relationship between antenna ports associated with PUSCH and SRS needs to be clarified.
3. Transmission Mode Switching under AGI 

In Mode 2, there are 2 PMIs in the 2-Tx codebook that essentially indicate transmission from a single antenna port (i.e., antenna selection PMI). Since the eNB configures 2 antenna port SRS, it has the channel knowledge to determine it is indeed suitable to use one of the two antenna selection PMIs on a dynamic basis. 
Moreover, in Mode 2, UE should expect dynamic transition between receiving DCI format 0 that supports only single-antenna port transmission and receiving format 4 that supports SU-MIMO (including the antenna selection PMI of course). The difference between this case and the previous dynamic selection of antenna selection PMI is that the UE should be able to achieve Pcmax for PUSCH assigned via DCI format 0, while UE reduces to half of the power if antenna selection PMI is signaled from eNB dynamically in format 4. In Mode-2, multi-antenna SRS is configured. Since the single antenna port associated with PUSCH allocated via format 0 can be virtualized, the UL channel frequency selectivity will not match what is learned from the 2-port SRS transmission. Even if one of the antennas is used as a main antenna associated with single-antenna port PUSCH, eNB still needs to know the PUSCH antenna port corresponds to which SRS antenna port, if eNB wants to exploit the SRS transmission for UL frequency selective scheduling. 
Proposal:

· It might be beneficial for UE to indicate to eNB the relationship between the PUSCH single antenna port and the SRS antenna port(s) 
In Mode 1, SRS could be configured to be sent from a single antenna port (case #1) or from multiple antenna ports (case #2). Unless SRS transmission is configured on multiple antenna ports, the eNB will never know when to transmit from Mode 1 to Mode 2. When the AGI is high due to hand gripping, Mode 1 is quite common for power consumption reason given the very limited gain from activating the weaker antenna. Periodical SRS transmission from multiple antennas is one way to detect the improved AGI and trigger transition to Mode 2. However, this practice comes with increased power consumption at UE and perhaps more importantly the waste on precious SRS resources. Reporting pathloss difference between Rx antennas (i.e., downlink AGI) may allow more efficient use of SRS resources while supporting UL transmission mode switching. 

Proposal:

· Semi-static reporting of downlink AGI as pathloss difference among receive antennas (e.g., along with RSRP report) can support UL Mode 1 (single-antenna transmission mode) to Mode 2 (closed-loop spatial multiplexing) transition with more efficient use of SRS resources, especially under AGI. 
4. Conclusion 

In this contribution, we discussed the operation of antenna mode switching, especially under AGI. We propose:
· Even though antenna port configuration is independent for PUSCH and SRS, the relationship between antenna ports associated with PUSCH and SRS needs to be clarified.

· It might be beneficial for UE to indicate to eNB the relationship between the PUSCH single antenna port and the SRS antenna port(s).

· Semi-static reporting of downlink AGI as pathloss difference among receive antennas (e.g., along with RSRP report) can enable UL Mode 1 (single-antenna transmission mode) to Mode 2 (closed-loop spatial multiplexing) transition with more efficient use of SRS resources, especially under AGI.
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