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1. Introduction
1.1
Administrative
This document is a report of the email discussion performed after RAN2#68bis on the topic of multiple TA (Timing Advance) for Carrier Aggregation (CA) in Rel-10 LTE-Advanced.

The email discussion was kicked off on January 28th and comments were received until February 18th, and the following 11 companies provided inputs during this time: Huawei, ZTE, Samsung, Ericsson, Nokia & Nokia Siemens Networks, CATT, Qualcomm, LG Electronics, ITRI, Pantech.
The intention of this email discussion was to identify potential additional complexities related to supporting multiple TA. The summary of the email discussion is provided in section 3 of this document.

1.2
Background
RAN1/2/4 have exchanged several liaisons [1-5] to understand in which scenarios for Carrier Aggregation (CA) multiple Timing Advance (TA) will be required. From these liaisons, it has become apparent that multiple TAs will be needed at least for the following two CA scenarios.

1) CA in presence of frequency selective repeaters (RAN4 scenario 2 [3])

2) CA with a normal base station cell and a RRH cell of the same eNB (RAN4 scenario 3 [3])

Discussion took place during RAN2#68bis on the need to support multiple TAs for CA in the above two scenarios. It was the understanding that support of multiple TAs introduces additional complexity in RAN2 CA design, and several companies mentioned that the above CA scenarios need not be supported at least in Rel-10.

It is also noted that RAN2 is sending another LS [6] to RAN4 to check if multiple TAs will not be required in the following CA scenarios

3) CA with carriers of different sectorization / antenna beam direction (scenario 3 in [7])

4) CA with inter-band CCs when frequency separation is large
This email discussion is a result of the discussion during RAN2#68bis, and the intention is to obtain a good common understanding on the potential complexities in supporting multiple TAs for CA. In the chairman’s note, the following were noted as aspects to be assessed:

· Linking UL timing of each UL CC to 1/more DL CC’s

· Would we have UL timing groups?

· RACH initiation required per UL timing group (parallel RACH?)

· Handling at handover (parallel RACH?)

· Different TA_timer maintenance

· When does UE acquire new timing for a timing group (only on network command?)

· Can we exclude “loose handing UL’s”, e.g. only UL in a certain band, and no DL

Possible simplifications in case multiple TA is supported can also be assessed in this email discussion. Furthermore, when identified/necessary, it is proposed to address RAN2 complexity aspects other than those listed above in this email discussion.

2. Complexity assessment
2.1
Would we have UL timing groups?
If only a single TA is required, then that single TA is common to all aggregated UL CCs for the UE.

If multiple TAs are required, at least on a conceptual level, the question lies whether there is an independent TA for each UL CC, or whether 1 TA can be common to a group of UL CCs. In the latter case, how the grouping is to be determined needs to be addressed.

Company comments:

	Company
	Views

	Huawei
	In our understanding one would never need more than one TA per band, because repeater/RRU handles the whole band. 

The grouping would allow more than one band to share one TA. From UE point of view, one timing advance command for the CCs with identical TA is enough. Otherwise, multiple identical TA commands are transmitted to UE. And one TA per UL CC also implies UE has to maintain multiple TATs for each aggregated UL CC separately, and more restart "timeAlignmentTimer" will be caused accordingly. We also foresee that introducing the UL timing group will bring some convenience on the CC management. 

In addition, if the UL timing grouping is introduced, it should be discussed if the grouping is fixed for a cell, or managed per UE. Currently we think fixed grouping is simpler.

	ZTE
	If multiple TAs are required, we support the idea to have ‘timing groups’: 1 TA offset should be common to a group of UL CCs. The definition of groups should be left to the network and communicated to the UE via (RRC) signalling. 
The typical case for multiple TAs and then multiple timing groups is the use of different frequency bands. But we wonder whether the possibility to define different TA groups should be restricted by this or left to the network implementation.

	Samsung
	We should have some grouping. Simplification would be per band.

	Ericsson
	When making decisions regarding grouping, it should be considered that the number of TAs used would not be reduced so much by grouping as we will have a maximum of 5 CCs in each direction. Hence the functional benefits of grouping vs. one TA per CC needs further analysis. 

Does the benefits justify the seemingly higher complexity and extra specification effort for management of groups compared to individual handling of CCs?

	Nokia & Nokia Siemens Networks
	If more than one TA is required, then it seems preferable to allow the grouping of CCs that share a common TA. The group to which each CC belongs would be indicated to the UE.

	CATT
	If multiple TA is required, it is preferable to maintain the common TA per CC group. The independent TA per CC is just a special case of the CC group for only 1 CC per group.

	Qualcomm
	View on grouping of carriers: It is useful.

View on possible simplification: UL CCs in same band should always be grouped together.

Detailed comments: For RF/PHY aspects of UE implementation, it is beneficial to have the same timing for all UL CCs in the same band. As RAN1 has already indicated, there is no complexity at RF/PHY level due to different timing at different bands.

	LG
	We also think that TA grouping is useful.

	ITRI
	We also prefer to group UL CCs that share the common TA so as to save the RACH load and TA update overhead.

	Pantech
	For supporting multiple TA, UL timing grouping is useful in large size cell especially. 


2.2
Linking UL timing of each UL CC to 1/more DL CC’s
The uplink-downlink timing relation in Rel-8/9 is shown below [8].


[image: image1]
As in the figure above, the UL radio frame transmission timing at the UE is offset by NTA*Ts + NTA offset*Ts from the DL radio frame reception timing at the UE. Here, NTA offset*Ts is a fixed offset whose value specified by the frame structure used, and NTA*Ts is a variable offset whose value is controlled by TA commands from the eNB.

With respect to CA:

If only a single TA is required per UE and under the assumption that the DL radio frame reception timings at the UE are aligned for all aggregated DL CCs, there seems to be no need in designating linkage between UL CCs and DL CCs for the purpose of TA.

If only a single TA is required per UE but if it is possible that the DL radio frame reception timings at the UE are not aligned between the aggregated DL CCs, there seems to be a need in designating, for each UL CC (or each UL CC group), to which DL CC the UE should apply the common TA offset (NTA*Ts + NTA offset*Ts) to. Such situation could occur if sub-frame timings of the aggregated CCs are not aligned, but it might not be clear if this is a relevant scenario to consider. 

If multiple TAs are required per UE, there seems to be a need in designating for each UL CC (or each UL CC group), to which DL CC the UE should apply the independent TA offset (NTA*Ts + NTA offset*Ts) to.

Company comments:

	Company
	Views

	Huawei
	In each UL timing group, the received DL reference timing from each DL CC is identical. In order not impact the magnitude of the timing advance adjustment values in the TA command, we think one DL timing reference per UL timing group is natural. Once the UE takes a DL CC in one UL timing group as a time reference for the UL CC data transmission, it can continue to use the TA value to adjust the UL transmission timing, because the TA offset (NTA*Ts + NTA offset*Ts) equals to the sum of the DL delay for reference CC and UL delay. Thus, we conclude that there is no restriction on DL/UL CC linkage in one UL timing group when supporting multiple TA.

	ZTE
	The simplest and natural approach is that a fixed one-to-one mapping is defined between UL and DL CCs. In this case, for each UL CC, the UE knows with respect to which DL CC it should apply the TA offsets. 

This works if there is a single TA offset, even if the sub-frame timings of the different (DL, and then UL) CCs are not aligned, but also if there are multiple TAs. 

	Samsung
	One reference DL CC per UL group

	Ericsson
	Which DL reference to be used for which UL CC TA is something that needs to be resolved both when having single or multiple TA (grouped or per CC). However, the added complexity of multiple TAs compared to a single is that there are more possible approaches to consider and analyze. For example it might be necessary to use different DL CCs for different TA values in order to avoid a single point of failure for synch if one or more (but not all) DL CCs goes down. Also when there are more than one TA referencing the same DL CC there may need to be some separation of the TA Commands and PDCCH order for RA on the DL CC. 

It is currently not clear whether there is any linkage between non-backwards compatible UL and DL CCs. This aspect needs to be considered. With multiple TA some further work of analyzing and specification of linkage seems needed.

	Nokia & Nokia Siemens Networks
	Selecting the DL CC to be used as a reference for each UL CC could be viewed as UE implementation. The UE must know which DL CCs can be used as a reference for each timing advance group. This should be identifiable from system information provided to the UE. A related issue is the signalling of timing corrections on DL CCs. It must be clear to the UE which timing group a correction received on a DL CC applies to.

	CATT
	The linkage of the UL CC and the reference DL CC should be cell-specific, and the CC linkage in system information can be baseline to keep the procedure simple.

	Qualcomm
	The overall issue of CC linkage is independent of having multiple TA (as pointed out by Ericsson). One reference DL CC per UL group is a good baseline, and other options can be studied.

	ITRI
	If the TA for an UL CC group is updated by RAR, then the reference DL CC should be the CC where the UE expects to receive the RAR. The information about where to send the RA preamble and where to receive the RAR should be cell-specific, and may be defined in BCCH. Afterwards, even if the TA is updated by MAC CEs, the reference DL CC should not be changed. 

	Pantech
	The linkage between the UL CC and eNB-specific reference DL CC could be configured and that might be changed semi-statically.


2.3
Handling at handover (parallel RACH?)
In Rel-8/9, when a UE receives a “handover command”, it initiates the Random Access (RA) procedure to the target cell and obtains UL sync to the target by receiving the TA command in the RA response.
With respect to CA:

If only a single TA is required per UE, when a UE initiates the RA procedure in one of the configured UL CCs and receives a TA command in the RA response as part of the HO procedure, it seems the UE then obtains UL sync for all its configured UL CCs.

If multiple TAs are required per UE, in order for the UE to obtain UL sync to all of its configured UL CCs as soon as possible during the HO procedure, the UE would need to initiate parallel RA procedures, i.e. 1 RA procedure per configured UL CC (or UL CC group). This contradicts the earlier RAN2 agreement that a UE only needs to perform 1 RA procedure at a given time. Alternatively, it could be considered to only have the UE perform 1 RA procedure and obtain UL sync on one of the configured UL CC (or UL CC group) first, and later on perform more RA procedures to obtain UL sync for the other configured UL CCs (or UL CC groups).
Company comments:

	Company
	Views

	Huawei
	It has been agreed in RAN2 that at intra-LTE handover, multiple CCs can be included in the “handover command”.in order to maintain high speed transmission during HO. In this case, parallel RACH procedure operation may allow shorter access delay during HO compared to performing RACH sequentially.
We think that multiple TA support during HO may require the support of parallel RACH, the details of which are FFS.

	ZTE
	This should be discussed further. 

In case of multiple TAs, in order to reduce latency / maximize throughput on one hand it could make sense to have parallel independent RACH procedures. 
On the other hand, having parallel RACH procedures during Handover also has some other implications:

· On handover completion/failure detection: should handover be completed or fail only after all the independent procedures complete/fail?
· Due to UE’s power shared among several UL CCs, which may result in more handover failures due to power limitations


	Samsung
	Parallel RACH procedure might be helpful. Simplification would be only carriers sharing the same UL timing are included at HO command.

	Ericsson
	Further study is needed. Depends also on if parallel RA procedures should be supported or not.



	Nokia & Nokia Siemens Networks
	A baseline could be that HO operates using a single RACH and CC pair (possibly the primary carrier) with timing alignment for any other timing advance groups being made subsequently via PDCCH order. The capacity of all CCs within the timing group used for the handover would be available whilst timing correction for second group was obtained. Parallel RACH in the case of non-adjacent frequency bands could be considered as a further optimization if significant gains are found, but we should consider whether there are RAN4 aspects that should be checked. 

	CATT
	Parallel RA procedure might be useful when the data amount for transmission is required for multi-carrier transmission immediately after the handover. However, single RACH can be used if one CC is enough for the data transmission during handover. 

	Qualcomm
	Agree with Nokia and NSN, that single RACH after HO is a good baseline, and further optimizations can be considered depending on performance improvements.

	LG
	The single RACH should be considered as a baseline. The parallel RACH should be considered as the optimization that needs to be further studied.

	ITRI
	We don’t see much overhead to support parallel RACH procedure. If it is needed to resume high data-rate transmission immediately after HO, then parallel RACH procedure would be helpful.

	Pantech
	For the optimization of the multiple CC for a UE, we think multiple RACH could be helpful.


2.4
RACH initiation required per UL timing group (parallel RACH?)

Triggers for RA procedure other than HO include:

· RRC connection establishment

· RRC connection re-establishment

· DL data resuming (eNB PDCCH order)
· UL data resuming
For the case of RRC connection establishment, since CA is not configured at this stage, there is seems to be no difference in only having 1 TA per UE or having multiple TAs per UE.

For the other three cases, however, similar issues as with the HO case seem to apply.
Company comments:

	Company
	Views

	Huawei
	We see no need for parallel RACH on RRC connection establishment, RRC connection re-establishment. 
For DL data resuming and UL data resuming, we think parallel RACH may be required, as there are similar issues as with the HO case.

	ZTE
	Same view that for RRC connection (re)establishment single RACH procedure should be used.

	Samsung
	We guess same principle and simplification can be applied as 3).

	Ericsson
	If allowing parallel RA on multiple UL CCs, declaration of RLF for the UL will become more complicated, since it needs to be evaluated at which conditions the RLF should be declared, for example if it should be done after failure of all ongoing RA procedure or after the first failing RA procedure or at some intermediate period of time. The exact criteria will also depend on whether the UE can perform RA on any UL CC or not.

Supporting RA on multiple CCs would reduce latency and improve load balancing. Also supporting parallel RA procedures the complexity may become unnecessarily high and the standardization effort would become greater.

Furthermore, if parallel RA procedures are not supported, it needs to be further studied how the UE should react to an incoming PDCCH order for RA if it already has an ongoing RA procedure. For Rel-8/9 this was extensively discussed and agreed that the UE could choose which procedure to continue with. When supporting multiple TAs it is not clear how it should work, since how two conflicting RA procedures could typically pertain to different TA on different UL CCs.

	Nokia & Nokia Siemens Networks
	For connection establishment and re-establishment, RACH on only one UL CC is required. For UL data resuming, the UE would transmit on one RACH and receive timing correction for the related timing group. If timing correction for another group is required eNB could use PDCCH order. For DL data resuming, eNB can use PDCCH order to bring each of the timing groups into alignment. The PDCCH orders can be sequential. PDCCH order in parallel for non-adjacent frequency bands could be considered as a further optimisation if significant gains were found.

	CATT
	In the case of DL data resuming, the parallel RA procedure might be needed and should be studied further.

	Qualcomm
	Establishment and Re-establishment: RACH on Single CC is sufficient.

UL/DL Data resume: We prefer to allow parallel RACH on different timing groups, in order to be able to quickly attain high data rates. Given that different timing groups behave independently, this seems to be the cleanest design. 

	LG
	The single RACH should be considered as a baseline. The parallel RACH should be considered as the optimization that needs to be further studied.

	ITRI
	We also think the parallel RACH may be needed especially for the case of DL data arrival.

	Pantech
	The single RACH approach could be enough for establishment and re-establishment due to the same TA within the UL timing group. However, the data transmission cases should be discussed more for optimization .


2.5
When does UE acquire new timing for a timing group (only on network command?)

If only a single TA is required per UE, when additional UL CCs are reconfigured to the UE, it seems UL transmission on those CCs can start immediately after the reconfiguration since the UE will automatically have UL sync for the added UL CCs if it has UL sync obtained for the already configured UL CCs.

If multiple TAs are required per UE on the other hand, when additional UL CCs are reconfigured and the TAs of the additive UL CCs are different from those of the already configured UL CCs, the UE would first need to obtain UL sync for those added UL CCs before UL transmission can take place on those UL CCs.

Company comments:

	Company
	Views

	Huawei
	For multiple TA, with CC addition, both network specific multiple TA maintenance and UE specific multiple TA maintenance can be considered. It’s obvious that network specific TA maintenance for CC addition is simple. For example, eNB can group the CC based on whether these CCs are configured in one repeater. If eNB needs to add one UL CC which belongs to the different UL timing group, eNB can indicate UE to perform one RACH procedure. Of course it may cause some unnecessary RACH because the UE maybe is not locating in the coverage of the repeater. On the other hand, UE specific TA maintenance provides some efficiency at the cost of additional complexity. Thus we think the network specific TA maintenance seems ok for CC addition in Rel-10.

	ZTE
	If the UE is informed that the additional UL CCs belong to a different TA group, the UE should obtain UL sync for the added UL CCs before UL transmission can take place on those UL CCs.

	Samsung
	Parallel procedure might be helpful. Simplification would be first UE perform one RACH and rely on the network command for further RACH procedures.

	Nokia & Nokia Siemens Networks
	If the added CCs are for a timing group that is currently unsynchronized, the eNB can initiate synchronization via PDCCH order before awarding a grant. As noted previously parallel PDCCH orders for non-adjacent frequency bands could be considered as a further optimization.

	CATT
	The UE should obtain UL sync on the UL CC before UL transmission happens on it. The RA procedure might be indicated in the RRC signalling if the new additional UL CC is belonged to the different TA group.

	Qualcomm
	If the added CC is for an existing UL timing group, eNB can initiate synchronization appropriately (as stated by N/NSN).

If the added CC is for a new UL timing group, UE should obtain sync by either autonomously initiating RACH or through network order (FFS). 

	LG
	To maintain new timing advance at CC addition, use of the subsequent PDCCH order should be considered as a baseline. Further optimization needs to be studied.

	ITRI
	If the added UL CC belongs to any configured UL timing group, then the UE may not acquire UL timing for the new UL CC. If the added UL CC does not belong to any configured UL timing group, then the eNB may indicate UE to perform RA procedure by RRC signalling or by PDCCH order.


2.6
Different TA_timer maintenance

In Rel-8/9, there is only one timeAlignmentTimer maintained per UE. Procedures specified in relation to timeAlignmentTimer are listed below:

1) Triggers to start/restart of timeAlignmentTimer

· Reception of TA command (either as MAC control element or within RA response)

2) Actions performed while timeAlignmentTimer is running

· ACK/NACK indication to lower layers

· PUSCH transmission in response to UL grants

3) Actions performed when timeAlignmentTimer expires

· Flush HARQ buffers

· Release PUCCH/SRS

· Clear SPS assignments/grants

With respect to CA:

If only a single TA is required per UE, then it seems possible in general to reuse the Rel-8/9 procedures with a simple extension that certain procedures apply to all configured UL CCs for the UEs.

If multiple TAs are required per UE, then it seems necessary to at least introduce the following:

· Maintaining multiple timeAlignmentTimers per UE

· A mechanism to designate which UL CC (or UL CC group) a TA command is intended for

As for the other procedures, however, it seems also possible in general to reuse the Rel-8/9 procedures with an extension that specific procedures are applied on a per UL CC (or per UL CC group) basis.

Company comments:

	Company
	Views

	Huawei
	If multiple TA command is assumed for the CCs with identical TA, it will result in some unnecessary restart of the “timeAlignmentTimer”. Therefore, with the UL timing group, one timeAlignment Timer per UL Timing group is sufficient. 

	ZTE
	Yes, one TA timer and one TA CMD is needed per TA group. 

	Samsung
	One TA_Timer per band would be safer. However even one TA_Timer for all bands might ber also acceptable. This would be more RAN1/4 issue? Simplification would be one TA_Timer ofr all bands (FFS).

	Nokia & Nokia Siemens Networks
	One TA timer per group of cells sharing the same timing advance. TA corrections are applied to all UL CCs in the group; MAC could identify which UL CCs commands relate to from the channel on which it is received or from an indication in the MAC CE.  

	CATT
	TA timer is maintained per TA CC group, and one TA CMD is for one TA CC group also.  

	Qualcomm
	One TA timer per UL timing group is needed. If we make the “timing subsystem” independent on all UL timing groups, including timer procedures, parallel RACH etc, then the impact of multiple TA can be kept small from both UE and eNB point of view.

	LG
	If TA grouping is supported, there should be one TA timer per TA group. MAC CE or MAC sub-header can be used to identify the TA group of timing advance command. 

	ITRI
	One TA timer is maintained per UL timing group, and the TA timer will be started/restarted once the UE receives a TAC for the UL timing group. The new updated TA will be applied to all UL CCs in the UL timing group.


2.7
Can we exclude “loose hanging UL’s”, e.g. only UL in a certain band, and no DL

In the scenario for CA, it is questionable if RAN2 should envision for the case where a UL CC from a particular band will be configured without any DL CC from the same band being configured. It is also questionable if RAN2 should envision for the case where there are more UL CCs configured than DL CCs. At least from the RAN4 operator input, these scenarios seems to be not considered [9].
Company comments:

	Company
	Views

	Huawei
	We think the above two scenarios are not needed. 

At least, for the above scenario (1), we do not see the strong motivation or the obvious benefit to introduce these scenarios. 

For the above scenario (2), maybe it is possible that the UL traffic volume of some special UEs are heavier than their DL traffic volume, so that the number of the needed UL CCs may be larger than the number of DL CCs. But this should seldom happen. On the other hand, if DL CCs not less than UL CCs and there is no so much DL data being transmitted, some of the DL CCs could be deactivated. We do not see the necessary to support the above scenario (2);

	ZTE
	Scenario (1) should not be considered, but also (2) seems to add useless complexity

	Samsung
	If I understand the issue correctly, is it the scenario like: DL CC#1, UL CC#2, UL CC#2 are carrier aggregated, but UL CC#2 and UL CC#3 has different TA. If correct, we don’t need to consider this scenario. Simplification would be no need to consider it.

	Nokia & Nokia Siemens Networks
	We do not think that it is necessary to take account of these scenarios.

	CATT
	We do not think these two scenarios are needed.

	Qualcomm
	Okay to ignore these scenarios. 

	LG
	We don’t think it is an important scenario.

	Pantech
	We don’t need to consider those scenarios at this time.


3. Summary

The table below summarizes (1) general company views on multiple TA operation, additional complexities and possible simplifications in supporting multiple TAs per UE which were identified in this email discussion.

	General company views on multiple TA operation

	Related section
	

	2.1
	Most companies mentioned that UL timing groups would be useful / should be supported.
Some companies mentioned of having explicit indication of UL CC mapping to UL timing groups.
Some companies mentioned that UL CCs of different bands could also be mapped to the same UL timing group.

Allowing UL CCs from the same band to be mapped to different UL timing groups was also mentioned. However, it was also commented that restricting the mapping of UL CCs within a band to the same UL timing group would benefit RF/PHY aspects of UE implementation.

On the other hand, the benefit of having UL timing groups over the complexity in managing UL timing groups was also questioned considering that at maximum only 5 UL CCs are aggregated.

	2.2
	Many companies mentioned that 1 DL CC per UL timing group should be identified as the reference for the UL transmission timing. It was also mentioned that the actual selection of the DL CC to be used as the reference for each UL CC could be viewed as UE implementation.
Some companies mentioned that 1 DL CC per UL CC should be identified (e.g. SIB2 linkage was mentioned) as the reference for the UL transmission timing.

	2.3
	Several companies mentioned that the baseline could be to have single RACH at handover, and that parallel RACH could be considered depending on the gains.

Several companies also mentioned that parallel RACH at handover could be useful (in terms of shorter delay to access PUSCH on all CCs), but did not seem to have strong views at the moment.

It was mentioned that RAN4 aspects should be checked before supporting parallel RACH.

	2.4
	For the case of RRC connection (re-)establishment

All companies who provided comments mentioned that single RACH should be performed.
For the case of DL/UL data resuming

As in the case of handover, several companies mentioned that the baseline could be to have single RACH, and that parallel RACH could be considered depending on the gains.

Compared to the case of handover, some companies expressed stronger views in supporting parallel RACH for DL/UL data resuming. 

	2.5
	All companies who provided comments mentioned that RACH should be performed on an added UL CC not belonging to any of the already configured UL timing groups, before any UL transmissions on that UL CC.
Many companies indicated that this RACH can be triggered on network command, either directly by the RRC reconfiguration message adding the new UL CC, or by a PDCCH order following the RRC reconfiguration message.
On the other hand, automatic triggering of RACH at the UE was also mentioned.
As in the case of handover, several companies mentioned that the baseline could be to have single RACH even at the addition of multiple UL CCs, and that parallel RACH could be considered depending on the gains.

	2.6
	Most companies mentioned that 1 TA timer and 1 TA offset should be maintained per UL timing group.

On the other hand, the possibility of applying 1 TA timer to all UL timing groups was also mentioned.

	2.7
	All companies who provided comments mentioned that the following CA scenarios need not be considered: (1) UL CC or a particular band configured without any DL CC from the same band being configured; (2) configured number of UL CCs > configured number of DL CCs.

	What are the additional complexities?

	Related section
	

	2.1
	Management of UL timing groups (if UL timing grouping is supported) would be needed.

	2.2
	Identification of a DL CC to be used as a reference for the UL transmission timing needs to be addressed regardless of whether or not multiple TA is supported.

Support of multiple TA would require linkage to a reference DL CC at least on a per UL timing group basis. Whereas, without support of multiple TA, it might be enough to only identify one reference DL CC per UE. (However, whether or not only a single reference DL CC would be enough for the case of single TA seemed to be unclear from the discussion.)
Furthermore, supporting multiple TA could potentially open doors to additional approaches to consider / analyze.

	2.3
	The need for parallel RACH at handover needs to be addressed.

Parallel RACH at handover (if supported) seems to require additional consideration on the condition of HO completion.

	2.4
	The need for parallel RACH at DL/UL data resuming needs to be addressed.

If parallel RACH is to be supported, the UE behaviour when a PDCCH order is received while there is an already ongoing RA procedure needs to be addressed.
Also, if parallel RACH is to be supported, this might add another dimension when consideration RLF conditions with respect to RACH failure.

	2.5
	The need for parallel RACH at multiple CC addition needs to be addressed.
If parallel RACH is to be supported, the UE behaviour when a PDCCH order is received while there is an already ongoing RA procedure needs to be addressed.

The trigger for the UE to perform (first) RACH at CC addition (e.g. within the RRC reconfiguration message, PDCCH order or automatically by the UE) needs to be addressed.

	2.6
	Maintenance of more than 1 TA timer per UE might be needed.

Maintenance of more than 1 TA offset per UE is needed.

A mechanism to map a TA command to the specific UL timing group needs to be specified.

	2.7
	-

	Are there possible simplifications?

	Related section
	

	2.1
	Simplification could be to define UL timing groups (if grouping is supported) on a per band basis.

	2.2
	-

	2.3
	Simplification could be to only have single RACH at handover, and to rely on the eNB to send PDCCH orders for other UL timing groups sequentially after handover.

	2.4
	Simplification could be to only have single RACH at DL/UL data resuming, and to rely on the eNB to send PDCCH orders for other UL timing groups sequentially after handover.

	2.5
	Simplification could be to only have single RACH at multiple CC addition, and to rely on the eNB to send PDCCH orders for other UL timing groups sequentially after the CC addition.

	2.6
	-

	2.7
	-


4. Conclusions
General company views on multiple TA operation (if supported) and additional complexities and possible simplifications in supporting multiple TA operation that were identified in this email discussion is summarized in section 3. It is proposed to take this information into account when deciding to support / not support multiple TA operation for CA in Rel-10 LTE-Advanced.

Furthermore, from the comments received during this email discussion, it seems that the following CA scenario needs not to be considered:

· A UL CC from a particular band is configured without any DL CC from the same band being configured.

· More UL CCs are configured than DL CCs.
Reference

[1] R2-093599 LS on RAN2 status on carrier aggregation design, RAN2
[2] R2-095414 LS Reply to RAN2 on Carrier Aggregation, RAN1
[3] R2-095422 Reply LS on RAN2 status on carrier aggregation, RAN4
[4] R2-096267 LS on timing advance for carrier aggregation in LTE-A, RAN2
[5] R2-096309 Reply LS on timing advance for carrier aggregation in LTE-A, RAN1
[6] R2-100848 LS on multiple timing advance for inter-band CA, RAN2

[7] R2-100531 Carrier aggregation deployment scenarios, NTT DOCOMO, INC.
[8] TS 36.211

[9] R4-100220 LTE-A deployment scenarios, NTT DOCOMO, Deutsche Telekom, TeliaSonera, US Cellular, CMCC, AT&T, KDDI, Telecom Italia, Orange




























































































































































































































Uplink radio frame #i





Downlink radio frame #i
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