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Discussion 

1. Introduction
In [1], RAN2 send an LS to RAN1 and RAN4 asking some questions about timing advance calculation using time difference measurement. For convenience, the content of the LS is reproduced below
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2. TA calculation scheme
In this section, the basic method for calculating TA for SCells is outlined, reproduced from [2]
In multiple TA case, because UE is connected to eNB and also has a valid UL TA value on PCell, it is possible to let UE get the UL TA on SCell deployed using e.g. RRH, based on the value on PCell and the DL reception timing difference between PCell and SCell. 

From the analysis above, we assume the propagation delay for UL direction and DL direction will be same on each carrier. So we could get that UL TA value should equal to a round trip timing delay or 2*DL transmission delay when use the DL reception timing as the timing reference. Furthermore in the multiple TA case, as long as UE can measure the DL reception timing difference between PCell and SCell, it can calculate the UL TA on SCell. Figure below shows an example of the timing relationship between DL transmission, UL transmission, DL reception time on PCell and SCell
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Figure 1, example of timing relationship between PCell and SCell

From the figure 1, we could get the TA on PCell and SCell as 
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From above we can further derive that the timing advance on SCell is; 
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To have only single unknown in the calculation the network would need to signal the DL transmission timing difference between PCell and SCell at eNB transmission (TDTP  - TDTS). When considering deployment scenarios captured in TS36.300 we believe that obtaining this information should be possible for the eNB, nor any frequent updates to the value would be needed. As indicated by RAN2 in the LS, there are two variants of the TA calculation scheme namely,:
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.

3. Discussion
Accuracy and robustness
In release 10 work on carrier aggregation, considering only deployment scenarios 2 and 3, it was found in [3] that in around 97% of cases the timing difference between the first detected path on different frequency bands will be less than one TA step in 97~98% case, and less than five TA steps in all cases. Based on this, it was concluded that multiple TA were not needed for release 10 carrier aggregation.

Considering now the possible extension to release 11, the main additional step is the estimation of the Scell downlink timing.

For the purposes of analysis, we consider that the signalled DL transmission timing difference between PCell and SCell at eNB transmission (TDTP  - TDTS) is known without significant error. The UE would estimate TDRP and TDRS and  set the SCell timing accordingly. Hence, the additional transmission timing error compared with error that would already be present in release 10 uplink carrier aggregation depends only on the estimation of TDRS and the validity of its application to the uplink on the same band (or carrier frequency for the TDD case). Hence, we can assume that the additional error introduced by the SCell downlink timing estimation is less than the error introduced in release 10 by taking the Pcell timing on a possibly different frequency band and applying it to determine the SCell UE transmission timing.

A pessimistic bound would be 2x the error which can be present in release 10 carrier aggregation. Based on the results in [3], this would indicate that the error for a calculated release 11 scheme would be bounded by less than one TA step in approximately 95% of cases, and bounded by less than 10 TA steps with almost 100% probability.

We would also add that in TDD systems, channel reciprocity is widely used, so uplink propagation delay on a given band should be very similar to downlink propagation delay. This has also been an assumption for RACH preamble design done in release 8 [4].

Considering the robustness of the solution, it is necessary that the downlink signal to noise ratio on both the PCell and the SCell is sufficient to allow timing to be estimated. Since all schemes (including multiple RACH schemes) for setting the SCell uplink timing make use of downlink timing as a reference, this issue is not specific to the calculated TA scheme and for any scheme, reliable SCell UE uplink transmission would be very difficult to achieve if the corresponding DL SCell cannot be reliably received. Moreover, if RAN2 selects option b) the network can also provide time alignment adjustments using Timing Advance MAC CE commands or even in case of solution a) the network could adjust uplink transmission timing in SCell  by setting DL transmission timing difference between PCell and SCell at eNB transmission (TDTP  - TDTS) with minor offset. However, we believe that such would not be needed.
In future release 11 work, RAN2 and RAN4 may reconsider the need for radio link monitoring on the SCell, although such was not agreed for release 10. Rather RAN2 decided that it is eNB responsibility to monitor the radio link quality via CQI and deactivate or reconfigure the SCell if the quality is not sufficient . Even though the UE radio link monitoring is outside of  the scope of this discussion, it is important to note that even in Rel10, it is necessary that the downlink SNR of SCell is sufficient for reliable uplink transmission and with reasonable eNB implementation the UE is able to keep time synchronisation for TA purposes in Rel11. 
Based on this analysis we consider that there will be some small additional error compared with release 10 SCell timing. On the other hand, the additional error has been evaluated to be small, and there are significant benefits of the TA calculation based scheme in other areas over the RACH based scheme as summarised in table 1. 
	
	TA calculation scheme
	RACH based solution

	RACH overhead and dimensioning at SCell
	No overhead introduced, no extra RACH capacity needed
	Preamble (6 PRB shared with other UE)

RAR (48bits from MAC layer point of view)

	Signalling overhead
	Small one extra DL RRC parameter. MAC CE signalling
	Full PRACH configuration on SCell. At least two PDCCH (Msg 0/2/4). MAC CE signalling.

	Delay
	1ms at most
	10ms for the best case

	Updating frequency
	Maintained constantly, when PCell TA is valid. Update of PCell TA adjusts automatically SCell TA.
	Totally independent between PCell and SCell

	At SCell activation
	Correct immediately when DL timing difference is measured. 
	If deactivation period is longer than time alignment timer, RACH procedure is required,  causing additional delay to the SCell activation procedure. 

	Accuracy
	2*0.5us in 97~98% case [3]
	0.5us in 95% case and 1us in 98% case [1]

	Implementation impact at eNB side
	Small, possibly signalling of DL Transmission  timing difference
	Increased complexity of preamble scheduling, and preamble receiving in cross carrier scheduling case

	Implementation impact at UE side
	Need to measure the DL timing difference.
	Introduction of RACH transmission on SCell, which may occur parallel to PUSCH, PUCCH, SR or RACH transmission on PCell.

	Extra standardization work
	Small
	Possible RACH selection, possible parallel RACH transmissions, RACH in cross carrier scheduling case. RAN4 work on simultaneous RACH on SCell and PUSCH, PUCCH or RACH transmission at PCell.

	UE extension carriers
	No need to introduce RACH on extension carriers
	Requires RACH configuration.


Table 1: Comparison of TA calculation scheme and RACH based solution
UL only, or DL only repeaters
The LS from RAN2 mentions uplink only, or downlink only repeaters and questions whether there are deployments envisaged with uplink only, or downlink only repeaters. Our view is that such deployments would need to be handled rather carefully, for example uplink pathloss and downlink pathloss will no longer correlate with each other and the basic operation of power control could become quite problematic. It seems also that such deployments would create problems for both RACH based timing solutions, or for calculated timing based solutions. For example, assuming a RACH solution there might be difficulties in reliably setting the initial RACH timing and power based on the deployment scenario, for example a large downlink propagation delay and pathloss not necessarily corresponding to the same on the uplink. Radio link reliability procedures and RRM strategies would also need to be very different for such deployments.
Based on this, we see UL only, or DL only repeaters would be a significant work topic in their own, independent of any decision on timing advance. Secondly such deployment scenario has not been agreed and motivation of it is not demonstrated, rather we believe that it is quite bizarre to deploy repeaters and utilise it for single direction only especially in TDD. Therefore, our view is that such deployment is totally outside of the scope of the release 11 carrier aggregation enhancements work item and it would be sufficient to consider collocated uplink and downlink. Naturally, views of other companies and operators on such deployments are welcome, but it would seem necessary to understand the full scope and implications of such nodes, as they have not really been considered until now and it is not really clear if they are within the scope of the work. As such, it seems better to assume for the purposes of responding to RAN2 that collocated network uplink reception and downlink transmission would be considered in the work for now.
Workload in RAN4
Finally we consider the workload of specifying either solution in RAN4. Our assumption is that in the end there will definitely only be a single solution for timing advance in release 11 carrier aggregation, and RAN2 is interested in understanding whether one type of solution is easier to specify than another.
Considering RACH based solutions, these seem relatively easy to specify since the timing of both PCell and SCell is independent and each can be specified reusing release 8 requirements for transmit timing, and timing advance. However, if simultaneous RACH transmission in SCell and PUCCH or PUSCH or RACH on PCell is to be supported additional power scaling, definitions would be needed. Based on experience from Rel10 this was quite time consuming. Naturally, RAN1/2 could define that simultaneous RACH on SCell with PCell transmission is not needed, however, this would imply that UE would not be able to transmit any data in that TTI which would make situation worse especially in SCell activation.
For TA calculation schemes, we anticipate that a large amount of reuse of existing requirements is also possible. Since the reference as far as 36.133 specification requirements in release 8 is the first arriving path in time of the downlink, many of the accuracy considerations in this contribution relate more to deployment aspects than to accuracies that could be seen for example in a UE core requirement or test case. The work is perhaps slightly more than for RACH based schemes, since the requirement for SCell initial timing would need to be stated in terms of the first detected path in time of both the PCell and SCell, however other requirements such as the rules for minimum and maximum adjustments and adjustment rates are likely to be able to be reused from existing specifications.
Based on this, we do not think that TA calculation scheme is especially arduous to specify corresponding UE requirements in RAN4 (for example requiring simulation campaigns).Compared to other RAN4 tasks (e.g. RF requirements) it is relatively minor. As such, our view is that specification effort in RAN4 should not be the major factor when deciding which scheme to use for multiple timing advance.
4. Possible response to RAN2 questions

1.
RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values. 
RAN4 confirms the view of RAN2 that cells would need to have a collocated receiver and transmitter for the timing advance calculation to be appropriate. RAN4 notes that this assumption is also necessary for setting initial PRACH timing for RACH based solutions, and has also been assumed in other aspects of LTE specifications such as power control. Handover strategies and other aspects would also be greatly affected by different uplink and downlink coverage. Given that it would be a very significant additional task to redesign the LTE system to operate in deployments with non-collocated uplink and downlink coverage, RAN4 recommends that uplink-only or downlink-only repeaters are not considered as a part of this work.
2.
RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

3.
RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.  
In release 10 work on carrier aggregation, considering only deployment scenarios 2 and 3, it was found in R4-101339 that in around 97% of cases the timing difference between the first detected path on different frequency bands will be less than one TA step in 97~98% case, and less than five TA steps in all cases. Based on this, it was concluded that multiple TA commands were not needed for release 10 carrier aggregation.

Considering now the possible extension to release 11, the main additional step is the estimation of the Scell downlink timing. Hence, the additional transmission timing error compared with error that would already be present in release 10 uplink carrier aggregation depends only on the estimation of TDRS and the validity of its application to the uplink on the same band (or carrier frequency for the TDD case). Hence, we can assume that the additional error introduced by the SCell downlink timing estimation is less than the error introduced in release 10 by taking the Pcell timing on a possibly different frequency band and applying it to determine the SCell UE transmission timing.

A pessimistic bound would be 2x the error which can be present in release 10 carrier aggregation. Based on the results in [3], this would indicate that the error for a calculated release 11 scheme would be bounded by less than one TA step in approximately 95% of cases, and bounded by less than 10 TA steps with almost 100% probability.

RAN4 view is that this would be sufficient for anticipated deployments of carrier aggregation in release 11. Moreover, if solution (b) was adopted, the network would be able to make further adjustment to the SCell uplink timing via MAC CE commands.
4.
RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.

The RAN4 specification workload for introducing either method (a) or (b) rather than the multiple RACH solution is very minor, not requiring simulation campaigns or similar. As such, RAN4 does not consider that this should be a factor in deciding which solution should be used for release 11 carrier aggregation.

5. Conclusions

This contribution provides analysis and consideration of the incoming liaison statement in [1]. Renesas volunteers to provide a response to RAN2 based on the discussion of the issues in RAN4.
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1. Overall Description:


As part of the Rel-11 CA Enhancements work item, RAN2 is investigating how to implement control of UE timing advance in cases where a UE, configured for carrier aggregation, has cells that require uplink timing advance that is different from that for the PCell. The carrier aggregation scenarios 4 and 5 described in Annex J of 36.300 are example applications.


RAN2 is currently working on a solution that is similar to the method that is used for Rel-10 but extended to accommodate more than one timing advance per UE and to allow random access on SCells. 


RAN2 is also considering an alternative approach in which the UE calculates the timing advance of SCells that do not have the same timing advance as the PCell based on the timing advance of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE [1, 2]. 


Two possible variants of this method have been identified:-


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.


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.


RAN2 does not have the expertise to decide whether these timing difference based methods are viable alternatives to the RACH based method that RAN2 is already working on. RAN2 has identified the following issues where input from RAN1/4 is needed:-


1.	RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values. 


2.	RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.


3.	RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.  


4.	RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.


RAN2 kindly requests RAN1and RAN4 to answer the questions above and advise RAN2 of these, or any other issues that RAN2 should consider in their further work on multiple timing advance, to help RAN2 to decide on the viability and/ or suitability of the calculation-based methods described.





2. Actions:


To RAN1:


RAN2 kindly requests RAN1 to address questions 2, 3 and 4 above and comment on any other issues related to multiple timing advance that RAN2 may not have identified.


To RAN4:


RAN2 kindly requests RAN4 to address questions 1, 3 and 4 above and comment on any other issues related to multiple timing advance that RAN2 may not have identified.
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