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1. Introduction
The different deployment scenarios for CA (Carrier Aggregation) captured in [1] is copied below.

Table X.1-1:  CA Deployment Scenarios (F2 > F1).

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image1.emf]F1 F2



	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image3.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image4.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image5.emf]


The current status on which of the above CA deployment scenarios to consider for Rel-10 [1-2] is summarized below:

	
	Should be supported / prioritised for Rel-10?

	
	Intra-band
	Inter-band

	CA deployment scenario
	DL
	UL
	DL
	UL

	1
	Yes
	Yes
	Yes
	No

	2
	Yes
	Yes
	Yes
	No

	3
	Yes
	Yes
	Yes
	No

	4
	Yes
	No
	Yes
	No

	4
	Yes
	No
	Yes
	No


Furthermore, it has been agreed to focus on a single TA (Timing Advance) per UE operation in Rel-10, i.e. multiple TA per UE operation will not be prioritized in Rel-10 [2].

Nevertheless, even for the scenarios which are to be supported / prioritized for Rel-10, the DL reception timings at the UE could be different among different DL CCs (Component Carriers). For example:

· For CA deployment scenarios #2 and #3, RAN4 indicated [3] that the timing difference is less than 0.52 microsecond for 97-98% of the cases but could be large as 2.5 microseconds for other cases

· For CA deployment scenario #4, it is obvious that the DL reception timing would be different between different CCs due to the difference in antenna locations

· For CA deployment scenario #5, it is also obvious that the DL reception timing would be different between different CCs due to the presence/non-presence of repeaters processing delays
Therefore, the DL CC to be used as the reference for TA should be clarified. This contribution addresses this aspect.

2. Discussion
The agreed way forward for Rel-10 is to prioritize work on intra-band UL CA and using a single TA per UE operation. This implies that for Rel-10, we will focus on CA scenarios where propagation delays are similar for the UL CCs to be aggregated (e.g. UL PCC and UL SCC#1 in Figure 1). This in turn implies that the propagation delays are also similar for the DL CCs linked via SIB2 with these UL CCs (e.g. DL PCC and DL SCC#1 in Figure 1). So, as long as the transmission timings of these DL CCs are aligned at the eNB, the reception timings of these DL CCs will also be aligned at the UE. Now, as RAN4 indicated [3] for CA deployment scenarios #3, the observed propagation delays could be different between UL PCC and UL SCC#1 in Figure 1, and therefore between DL PCC and DL SCC#1 in Figure 1. However, such difference is negligible most of the time, and even if relatively large difference exists, the agreed way forward to prioritize work on a single TA operation implies that we are not optimising for such cases in Rel-10. In this sense, as long as the UE uses one of the DL CCs linked via SIB2 to one of the configured UL CCs as the reference for TA, there is no drastic difference.
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Figure 1

Conclusion 1: Reception timings of the DL CCs at the UE linked via SIB2 to the UL CCs configured for CA would be similar (even if there is some difference, the difference is considered acceptable), as long as the transmission timings of these DL CCs are aligned at the eNB.

During RAN2#69bis, mainly the following two solutions were discussed with regards to the DL CC to be used as the reference for TA:

· The reference for TA is the DL PCC

· The reference for TA is the DL CC on which was the RA response was last received
As it has been agreed that the RA response for a RA preamble received on a certain UL CC will be transmitted on a DL CC linked via SIB2 to the UL CC, both of the above alternatives will designate a DL CC linked via SIB2 to a configured UL CC to be used as the reference for TA. So, there is not much fundamental difference between the two alternatives.

However, we prefer to designate the DL PCC to be the reference for TA for the following reasons:

· Specification is kept simple. It only needs to be clarified that when CA is configured, the reference DL radio frame is that of the DL PCC.
· DL PCC is never deactivated. If we follow the Rel-8/9 principles, the UE needs to try and adjust the UL transmission timing so as to maintain the DL reception timing to UL transmission timing offset (i.e. (NTA + NTA offset)*Ts) even when the DL reception timing changes. Therefore, as long as the UE is not performing DRX, the UE needs to continuously monitor the reference DL CC for TA. Then, if a DL SCC is to be used for the reference for TA, the UE would need to monitor this DL SCC even after receiving a deactivation command for this DL SCC.

Proposal 1: DL PCC is used as the reference for TA.

If the DL PCC is designated as the reference for TA, the question is whether what happens at intra-eNB PCC change? For inter-eNB PCC change, the handover procedure anyways needs to be performed to obtain UL timing synchronization.

As mentioned above, among UL CCs configured for CA and DL CCs linked via SIB2 to these configured UL CCs, the timing difference is considered not critical. Therefore, switching of PCC within the already configured CC set will not require any special handling. I.e. for such PCC change, the handover procedure or any autonomous NTA adjustment by the UE will not be a required, at least in terms of TA handling.

In the case the PCC is changed to a CC that is not already in the CC set, as long as the new DL/UL PCC is known to have similar propagation delays, again, no special handling will be needed in terms of TA handling. In the case the new DL/UL PCC is known to have distinctly different propagation delays, however, the eNB should perform this PCC change using the handover procedure so as to ensure UL timing synchronization for the new UL CCs. In this case, no autonomous adjustment of NTA at the UE is required.

Conclusion 2: In the perspective of TA handling, whether an intra-eNB DL PCC change requires the handover procedure or not depends on the scenario of DL PCC change, but this can be managed by the eNB (in case RAN2 decides to allow DL PCC change without using the handover procedure).

Conclusion 3: DL PCC change will not require any special autonomous NTA adjustment by the UE.
3. Conclusion
This contribution addressed the issue of reference DL CC for TA purposes for CA. The followings are concluded/proposed:

Conclusion 1: Reception timings of the DL CCs at the UE linked via SIB2 to the UL CCs configured for CA would be similar (even if there is some difference, the difference is considered acceptable), as long as the transmission timings of these DL CCs are aligned at the eNB.

Proposal 1: DL PCC is used as the reference for TA.

Conclusion 2: In the perspective of TA handling, whether an intra-eNB DL PCC change requires the handover procedure or not depends on the scenario of DL PCC change, but this can be managed by the eNB (in case RAN2 decides to allow DL PCC change without using the handover procedure).

Conclusion 3: DL PCC change will not require any special autonomous NTA adjustment by the UE.
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