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1. Introduction

Through the work item phase discussion, RAN1 had good progress on issues for uplink SU-MIMO so CRs for corresponding TS documents are agreed on RAN#50 meeting [1][2][3]. This document discusses remaining details for uplink SU-MIMO.

2. Discussion
2.1. HARQ operations in UL SU-MIMO

RAN2 has agreed that transport blocks associated with the same TTI are modelled with separate HARQ processes, when the UE is configured for UL-SM [4]. However, since re-defining DCI format 0 as in [5] was not agreed, there is some uncertainty when the format is used for adaptive HARQ for one of the two TBs previously indicated via DCI format 4 in particular for so called fallback operation. According to current situation, following RAN1 specification would be necessary to avoid the uncertainty above:

Alt.1) As similar to the downlink DCI format 1A, it shall assume that the PUSCH transmission is associated with TB1 and that TB2 is disabled.

Alt.2) DCI format 0 indicates only initial transmission, this implies pending retransmission is to be reset.

Alt.3) Somehow combined states with PHICH indicates which TB is to be retransmitted.

Between those alternatives, we think Alt.1 is preferable from simplicity and commonality point of view. Alt. 2 provides much restriction in terms of HARQ operation. Alt. 3 demands complicated UE behavior.
If Alt.1 can be agreed, following text would be added in section 8.0 of TS36.213:
------------------- Start of text proposal -------------------------

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling initialization of this PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport block is by C-RNTI.  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. When a UE configured in uplink transmission mode 2 receives a DCI format 0, it shall assume that the PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled. 
------------------- End of text proposal -------------------------

2.2. Relationship between antenna ports for SRS and PUSCH
As noted in [6] during RAN1#63 meeting, the relationship between the antenna ports for SRS and PUSCH was clarified. Then table 5.2.1-1 is added to TS36.211 [1]. So basically codebook based precoding is supported for the antenna ports for the SRS and PUSCH. In addition, at the same time implementation based precoding is also allowed as well. Fig. 1 shows an example for SRS and PUSCH antenna port for UE with 2 physical antennas.
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Fig. 1 Relationship between antenna ports for SRS and PUSCH
Even though this antenna ports relationship is clarified, there would be potential issue in terms of power control. TS36.101 [7] specifies absolute/relative power tolerance depending on the power step and the subframe length of no transmission as in the section 6.3.5. Following is the copy for your convenience.

--------------------------------------------

6.3.5.1
Absolute Power Tolerance

Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) 

…
Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	± 9.0 dB

	Extreme 
	± 12.0 dB


6.3.5.2
Relative Power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.

…
Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5 (Note 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

Note 2:
For operating bands under Note 2 in Table 6.2.2-1, the relative power tolerance is relaxed by reducing the lower limit by 1.5 dB if the transmission bandwidth of either the reference or target sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


--------------------------------------------

Above issue should consider via per PA basis rather than antenna port. So it should be clarified how these are taken into account in case a UE is configured to different number of antenna port between uplink physical channels and signals. This may be RAN4 discussion. 
3. Conclusion
In this document remaining details for uplink SU-MIMO are discussed. Our views are:

· When a UE configured in uplink transmission mode 2 receives a DCI format 0, it shall assume that the PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled; and
· Further clarification by either RAN1 or RAN4 would be necessary for antenna port definition in terms of transmission gap and/or power step.
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