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1 Introduction
In the last meeting, the UE behaviour when max timing difference on UL is reached was discussed but no conclusion was reached. In this contribution we further discuss the necessity on clarifying UE behaviour and summarize the detailed response to the comments in last meeting [1][2]. Moreover, the text proposal is attached in the annex. 
2 Discussion
· The limitation on UE UL timing difference between TAGs
In TS36.300 it was specified as,
The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.26 s. This also implies that the UE should cope with a maximum transmission timing difference between TAGs of 32.47s for inter-band carrier aggregation with multiple TAGs.
The higher UL timing difference between TAGs will impact the UE complexity and network performance, which was related with the power-limited issues as discussed in RAN1 before. Here duplicate the previous agreements in RAN1 #68 meeting:
Mr Chair drew the following agreed assumptions for the purpose of deciding what behaviour will be specified in RAN1:

· In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs

· UE cannot exceed Pcmax even for one symbol. 

· It is a requirement that the PRACH preamble power is constant for the duration of the preamble

It can be seen that the overlap of adjacent subframes on carriers may result into that the total UE transmit power would exceed the maximum UE transmit power, as shown in figure 1.
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Figure 1. example of  overlap between adjacent subframes
If the overlap area is too large, it will increase the UE implementation complexity on how to re-allocate the transmission power between adjacent subframes and may impact the UL receiving quality at eNB side so that the network performance is deteriorated. 

Thus, as the max UL timing difference between TAGs is defined in TS36.300, the intended UE behaviour should be clarified. In current TS36.133, the autonomous timing adjustment didn’t take into account the max UL timing difference between TAGs, and therefore we propose to add a clarification into current specs. Hence, we propose a TP in Annex A to clarify the UE behaviour.

On the other hand, the UE behaviour after receiving TA command is also needed to be further studied as the TA command may make UE exceed the max UL timing difference between TAGs. The current UE behaviour on TA adjustment is defined in RAN2 TS36.321 clause 5.2 as below,

5.2
Maintenance of Uplink Time Alignment

The UE has a configurable timer timeAlignmentTimer per TAG. The timeAlignmentTimer is used to control how long the UE considers the Serving Cells belonging to the associated TAG to be uplink time aligned [8].

The UE shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command for the indicated TAG;

-
start or restart the timeAlignmentTimer associated with the indicated TAG.

-
when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
-
if the Random Access Preamble was not selected by UE MAC:

-
apply the Timing Advance Command for this TAG;

-
start or restart the timeAlignmentTimer associated with this TAG.

- 
else, if the timeAlignmentTimer associated with this TAG is not running:

-
apply the Timing Advance Command for this TAG;
-
start the timeAlignmentTimer associated with this TAG;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG.
-
else:

-
ignore the received Timing Advance Command.
-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all HARQ buffers for all serving cells;

-
notify RRC to release PUCCH/SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
consider all running timeAlignmentTimers as expired;

-
else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:

-
flush all HARQ buffers;

-
notify RRC to release SRS.
However, the current RAN2 TS36.321 doesn’t mention whether UE will perform the TA adjustment if the max UL timing difference is reached or closely approached. Hence, we propose to send a LS to RAN2 to suggest a clarification on UE behaviour when the received TA command will make UE UL timing difference exceeds 32.47s.

3 Detailed response to the comments in RAN4 #70 meeting

· Comment 1: If we stop regulating TA, it could impact network performance
If still make UE adjust TA after exceed max transmission UL timing difference, the total UE uplink transmit power may exceed the max Tx power for UE. It will make UE fail to perform successfully uplink transmission and introduce the impact to the UE performance and network performance both. 
· Comment 2: We can’t stop a UE who can handle more than 32.47 us TAG differences
In TS36.300, UE is required to cope with a maximum transmission timing difference between TAGs of 32.47us for inter-band carrier aggregation with multiple TAGs. That means the minimum requirement is that UE shall cope with the transmission timing difference between TAGs no more than 32.47us. We shall consider the worst case for UE behaviour definition, that is, the UE who can only handle 32.47us Tx timing difference shall be taken into account as a typical case. In addition, if no restriction applies on the Tx timing difference, UE complexity for power re-allocation will be increased.
· Comment 3: if network doesn’t know UE condition (stopped adjusting), it could cause issue at the network side.
It is reasonable to indicate network the UE status of whether Tx timing difference reach max value or not. If network got the information about UE Tx timing difference, the proper decision of TA adjustment can be made by network considering both the UE Tx timing difference and the expected UL receiving timing. Hence, the LS is needed to indicate this issue to RAN2.
· Comment 4: RAN1 has also discussed this and concluded no special behaviour was needed.
RAN1 has no such conclusion. From UE vendors view in chairman notes of RAN1 #73,
· It should be clarified that the maximum UL timing overlap refers to the UL timing difference between any TAG pairs. 

· Capture the maximum UL timing overlap in RAN1 specifications. Also consider capturing the maximum DL reception timing difference in RAN1 specifications.

· When the actual UL timing overlap exceeds the maximum UL timing overlap, the intended UE behavior should be clarified in RAN1. If any UE behavior is to be specified, it should be kept simple.
This issue is still open.
· Comment 5: To introduce this clarification from R11 or from R12?
As to CA feature in TS36.133, the requirements for multiple TAG were introduced from R11because of the R11 RAN2 signalling definition, however the real RF requirement for multiple TAG was defined from R12 and so did test case introduction. Thus, here we propose to reuse the same logic to introduce this clarification from R11 and leave test cases to R12.
Hence, we have two proposals here,
Proposal 1:The UE behaviour on autonomous timing adjustment needs to be clarified if the transmission timing difference between TAGs will exceed the maximum transmission timing difference after such adjustment.
Proposal 2:Need a LS to RAN2 to suggest a clarification on UE behaviour when the received TA command will make UE UL timing difference exceeds the maximum transmission timing difference.
4 Conclusion
In this contribution, we analyze the necessity on clarifying UE behaviour if the timing adjustment will make the UL timing difference between TAGs exceed 32.47s. The proposals are:
Proposal 1: The UE behaviour on autonomous timing adjustment needs to be clarified if the transmission timing difference between TAGs will exceed the maximum transmission timing difference after such adjustment.
Proposal 2: Need a LS to RAN2 to suggest a clarification on UE behaviour when the received TA command will make UE UL timing difference exceeds the maximum transmission timing difference.
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Annex A
----------------------------------------------------Start of Test proposal------------------------------------------------  
7
Timing and signalling characteristics

7.1
UE transmit timing

7.1.1
Introduction
The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE shall be configured with a pTAG containing the PCell. The pTAG may also contain one SCell, if configured. The UE capable of supporting multiple timing advance [2] may also be configured with one sTAG, in which case the pTAG shall contain one PCell and the sTAG shall contain one SCell with configured uplink. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. When the UE capable of supporting multiple timing advance [2] is configured with an sTAG, the UE shall use the activated SCell from the sTAG for deriving the UE transmit timing for cell in the sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to both TAGs.
7.1.2
Requirements
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.

Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied. When the transmission timing error between the UE and the reference timing exceeds (Te  the UE is required to adjust its timing to within (Te, as long as the transmission timing difference between TAGs does not exceed the maximum transmission timing difference (i.e., 32.47us) after such adjustment. The reference timing shall be 
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 before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

2)
The minimum aggregate adjustment rate shall be 7*TS per second.

3)
The maximum aggregate adjustment rate shall be Tq per 200ms.

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2.

----------------------------------------------------End of Test proposal------------------------------------------------
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