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Introduction
In RAN4#107, significant progress has been made for 4Tx UE RF requirements, in that all the key parameters have been agreed for stage-2 test Configurations including different ranks and full power mode as documented in WF [1]. However, there are still some remaining issues of the requirements, such as coherence and tolerance need to be confirmed. The applicability of Tx diversity also has some issues to be clarified.
In addition, the power scaling problem has been discussed in this agenda as in topic summary [2]. Although no solid conclusion has been made, actually some common understandings were reached and some more progress is also proposed.
Discussion
UL-MIMO coherence & Pcmax tolerance 
In last meeting WF [1], the following requirements area still unsettled:
UL-MIMO coherence for 4Tx
· Proposals
· Option 1: Extend the UL-MIMO coherence requirements for 4Tx requirements. (As in R4-2308238)
· Option 2: Others
· WF
· Further study this issue in next meeting.

PCMAX,c tolerance for 4Tx
Agreement: 
· Use the following table as a as a starting point of PCMAX tolerance for 4Tx-based UL-MIMO / TxDiversity. and further discuss the values to be specified
· Table 4: PCMAX,c tolerance for 4 Tx UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0



For the UL-MIMO coherence for 4Tx, we just re-submit our proposal in [3]:

6.4D.4	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



This is a simple extension of the current requirements from two antenna case to multiple antenna connector case.
Proposal 1: Extend the UL-MIMO coherence requirements for 4Tx requirements, and reuse the current requirements for any antenna connectors combination. 
For Pcmax,c tolerance, the tentative proposals which listed is somewhat different from current 2Tx requirements, and not necessarily more relax compared to current one. We do not strong views on this parameter, and we can also consider to use the current 2Tx requirements if preferred. Anyway, 
Proposal 2: Further discuss whether the proposed tolerance of Pcmax can be agreed or not.

4Tx TxD requirements applicability
In the endorsed big CR [4], the current requirements for 4Tx do not involve a new capability, and continue to use the previously defined capability. In another word, the previously defined txDiversity-r16, is now interpreted as incorporating both 2Tx TxD case and 4Tx TxD case. This general definition has some merits, e.g. more simplified and unified requirements among different Tx cases. 
However, there may also some other impact in the current defined way. For example, in MPR requirements, the PC1.5 requirements have different set of requirements for 4Tx and 2Tx, and currently the description of the big CR is as following:
“For UE supporting Tx diversity, the allowed MPR for the maximum output power is specified in Table 6.2.2-1 for UE power class 3, in Table 6.2D.2-1 for UE power class 2, in Table 6.2D.2-2 and Table 6.2D.2-3 for UE power class 1.5 with dual TX, in Table 6.2D.2-4 and 6.2D.2-5 for UE power class 1.5 with 4 Tx. For UE power class 1.5 with dual Tx, the allowed maximum power reduction (MPR)…”
The Tx number is needed for the test environment and also the requirements applicability selection. Unlink UL-MIMO which have more signalling, for TxD current no more capability or signalling is defined beyond the basic txDiversity-r16. The current description basically needs UE declaration during test do differentiate, and this dependency of UE declaration may not quite aligned with the usual way.
Observation 1: The current big CR does not assume new capability for 4Tx compared to 2Tx for Tx Diversity, and can only rely on UE declaration for selection of test configuration and applicable requirements.
Based on this condition, it is worth to consider whether it is useful to define of new capability for 4Tx Tx diversity, or somehow extend the current TxD capability to also incorporate the Tx antenna number which is capable of Tx diversity.
Proposal 3: Consider whether define a new capability for UE for 4Tx Tx diversity, or extend the current TxD capability to also incorporate the Tx antenna number capable of TxD.

Power Scaling factor s and Related
The power scaling problem has been discussed for a few meetings and the following brief summary of background was incorporated before:
This is not an issue specific for 4Tx, but for all the cases when power scaling is needed for legacy case and also Full Power transmission Mode when the full power cannot be applied for some TPMI configurations. Here are some of the status:
1. According to RAN1, there are power scaling Rel-15 and in certain TPMI configurations for ULFPTx modes to reduce the maximum output power;
2. The UL-MIMO maximum power requirements do not verify the power scaling behavior;
3. The configurated transmitted power definition also do not consider the power scaling;
4. The PHR calculation do not consider power scaling.
In last meeting, a discussion paper was submitted in [5] to make a comprehensive analysis of this issue. In that paper, multiple RAN1 definitions were put together and analysis is done. This was also mentioned in the 4Tx paper in [3].
Although no solid conclusion was made in last meeting, and the accompanied draft LS [6] was also postponed, still this issue has been more thoroughly understood be interested parties. Among the observations, most of them are quite clear and objective, however, the part of possible impact to PHR may be somewhat more controversial than others, since companies may have different understandings on what “real PHR” values should be.
Observation 2: The PHR impact of this power scaling factor may be somewhat controversial since different understandings on what “real PHR” should be.
However, based on current situation, even some confusion in PHR calculation and deviation from the actual Pcmax, the degree is limited and there would be no big deviation like form plus to minus or vice versa. In addition, the network should always have sufficient information on all the power scaling, and may cope with such situation without real impact to the system.
Furthermore, there is also no risk of violating regulatory requirements, since the actual power would always below the specified Pcmax.
Observation 3: Network has the power scaling information, and the degree of confusion in PHR seems not large.
Observation 4: No regulatory issue for the power scaling observed. 
 Based on these observations, this issue may not that serious when it is originally introduced. However, it is still believed that a LS to RAN1 can be helpful, since all the main concepts discussed are defined in RAN1 spec. Here we re-submit the previous proposals from [5].
Proposal 4: Send a LS to RAN1 to ask RAN1’s view on this issue (Draft Updated).
Proposal 5: Not to change RAN4 spec until more feedback from RAN1. Any future revision of Pcmax related concept relating to this feature may also need communication with RAN1 to avoid undesirable impacts to RAN1.
A new draft LS [6] was also submitted in this meeting, which already considered last meeting’s offline discussion comments.
Conclusion
In this paper, the following Observations and proposals for remaining issues of 4Tx requirements and power scaling issues were provided:
UL-MIMO coherence & Pcmax tolerance 
Proposal 1: Extend the UL-MIMO coherence requirements for 4Tx requirements, and reuse the current requirements for any antenna connectors combination. 
Proposal 2: Further discuss whether the proposed tolerance of Pcmax can be agreed or not.

4Tx TxD requirements applicability
Observation 1: The current big CR does not assume new capability for 4Tx compared to 2Tx for Tx Diversity, and can only rely on UE declaration for selection of test configuration and applicable requirements.
Proposal 3: Consider whether define a new capability for UE for 4Tx Tx diversity, or extend the current TxD capability to also incorporate the Tx antenna number capable of TxD.

Power Scaling factor s and Related
Observation 2: The PHR impact of this power scaling factor may be somewhat controversial since different understandings on what “real PHR” should be.
Observation 3: Network has the power scaling information, and the degree of confusion in PHR seems not large.
Observation 4: No regulatory issue for the power scaling observed. 
Proposal 4: Send a LS to RAN1 to ask RAN1’s view on this issue (Draft Updated).
Proposal 5: Not to change RAN4 spec until more feedback from RAN1. Any future revision of Pcmax related concept relating to this feature may also need communication with RAN1 to avoid undesirable impacts to RAN1.
A new draft LS [7] was also submitted in this meeting.
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