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1. Introduction

At RAN2 74 meeting a LS was sent to RAN4 which asks RAN4 opinion regarding a methodology for multiple timing advance calculation. Several contributions regarding RAN2’s LS letter have been discussed in previous RAN4 meeting [6, 7, 8, 9, 10] however this is no consensus. This contribution provides some further considerations for this topic. 
2. Discussion

The SCell timing advance could be calculated based on the PCell timing advance and two possible ways have already been identified by RAN2 and they are:

a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b. The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.
Some aspects regarding this methodology are discussed below:
2.1 Deployment scenario

In [1] RAN2 asks the whether deployment of uplink-only or downlink-only repeaters would need to be considered for any deployment scenario requiring multiple timing advance values. Actually the generalization of this question is to identify whether there is any deployment scenario where the reciprocity of uplink and downlink such as transmission delay and pathloss cannot be maintained. Regarding the case of deploying uplink/downlink only repeaters, most of companies think this could be a corner case [7, 9, 10]. However operators’ opinions not only limit to this deployment scenario but also for any deployment scenario where the reciprocity could not be maintained, are welcome. 

If there is a necessity to design the multiple timing advance under the scenario where the reciprocality could not be maintained, we think that using the method based on RACH on the SCell would be a more feasible solution, although of course there should be update/modification on other related issues such as initial power setting. However as mentioned above the more important issue is to investigate whether this necessity exists or not. 
Proposal 1: It is suggested to investigate whether there is any deployment scenario where the reciprocality of downlink/uplink cannot be kept. The result of study should be considered when evaluating the feasibility of method (a)/(b) and timing advance solution based on SCell RACH.  
2.2 Accuracy requirement 

Considering the methodology to calculate the SCell timing advance, based on [2], the SCell timing advance could be expressed as:
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Where TDTP and TDTS are the transmission time from eNB of PCell and SCell; TDRP and TDRS are the receiver time of PCell and SCell at the terminal.  TAp is the timing advance of the PCell and TAs represents the SCell timing advance.
The accuracy requirement of SCell timing advance has already been analyzed by several contributions. The following gives a summary about all factors which impacts the accuracy requirement. 
1. The accuracy of the transmission time difference between PCell and SCell, i.e., the value of TDTP - TDTS
Basically for the carrier aggregation deployment scenario 4 and 5, where multiple timing advances is considered, the transmission time difference could be quite accurate since in general the distance between macro cell and RRH/pico Cell is almost fixed.  In practice the real transmission time of either PCell or SCell and the ideal transmission time used to calculate PCell/SCell transmission time difference could be different. TAE (Time alignment error) in [3] defines the largest timing difference between any two signals. However this difference will be absorbed when estimating the value of TDRP - TDRS and its impact on the SCell timing advance accuracy is trivial. 
The transmission time difference will be signalled from eNB to the terminal then there maybe some quantization error. Using the current timing advance command as an example, where 11 digits are used corresponding to a maximum 0.67ms (with the assumption that a cell radius is 100 km), the granularity is 0.52 µs. Since the downlink timing is defined as the time based on the first detected path, there will be some extra receiver time difference on the top of 0.67ms, for example LOS path between PCell and terminal whereas NLOS path between SCell and terminal. However this value is quite small [4] and could be neglected since 100 km radius is already an extremity. Therefore the quantization error could be ±0.26 µs (±8*Ts) based on the 0.52 µs granularity.
2. The accuracy of difference between TDRP and TDRS
Estimating the accuracy of the difference of the PCell/SCell arrival time is the most difficult part since the radio conditions to estimate TDRP and TDRS could be quite different. In [6] it was suggested that the RSTD measurement requirement could be referred when defining the accuracy requirement. However the impact of the difference of PRS and CRS on the performance requirement is not clear. The suitable side condition of PCell/SCell arrival time difference accuracy should also be investigated; a suitable side condition could mean when it is not satisfied, it is also not necessary for a UE to continue the SCell timing advance estimation since the estimation result could be very inaccurate due to bad radio conditions. Under this scenario other schemes should be triggered, for example, the SCell could be deactivated. 
3. The accuracy of the PCell timing advance
The PCell timing advance accuracy requirements have already been defined in TS 36.133[5]. 
In [5] it mentions that the timing error for UE initial transmission shall be less than or equal to (Te, where the value of Te is 12TS (downlink bandwidth ≥3M Hz) and 24TS (downlink bandwidth  = 1.4M Hz)
When it is not the initial transmission and there is also no timing advance for the UE, according to [5] the UE shall be capable of changing the transmission timing according to the received downlink frame and the transmission timing error between the UE and the reference timing should not exceeds (Te. Under this scenario the previous timing advance is used. Since the resolution of the timing advance is 16Ts, there is a (8Ts quantization on the top of (Te. For example, the accuracy requirement is (20Ts when the downlink bandwidth is larger than 3M Hz.
When it is not the initial transmission and there is a timing advance for the UE, according to [5], the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value. The accuracy should be ±4* TS plus the quantization error of the timing advance. For example, when the downlink bandwidth is larger than 3M Hz, the accuracy requirement is (12Ts. 
Proposal 2:  The accuracy of PCell timing advance is defined based on [5] under different scenarios. For simplicity purpose,  maybe one typical value could be defined to cover those different scenarios.  The accuracy of TDTP - TDTS depends on the signalling design and one working assumption could be ±8*Ts whereas further investigation is required to define the accuracy requirement of PCell/SCell arrival time difference. 
3. Conclusion

This contribution gives further consider on issues related to the SCell timing advance calculation methodology and two proposals are provided.  We suggest these proposals could be taken into account when deciding how to respond to the LS from RAN 2.
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