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1 Introduction
In the last RAN4 and RAN2 meetings, UE transmit timing in CA is discussed in [1]

 REF _Ref260649922 \r \h 
[2]. In this contribution, we analyze this issue further.
2 UE transmit timing
2.1 Transmit timing reference CC in CA
Idle mode mobility procedures of LTE Rel-8 also apply in a network deploying carrier aggregation [3]. And when UE performs RACH procedure for its initial access, the msg2 is received from only one downlink CC. Thus, the transmit timing reference CC is the corresponding DL CC with msg2 in RACH procedure. 
Proposal1: The transmit timing reference CC is the corresponding DL CC with msg2 in RACH procedure.
When the RRC connection establishment is completed later, eNB informs UE the downlink configured CCs including the DL PCC and DL SCCs. The DL PCC cannot be de-activated, and a newly configured CC is always in a default state of ‘deactivated’. In order to activate a newly configured CC, an activation command is necessary [4]. 
For uplink, intra-band aggregation should be prioritized in RAN4 and one TA is used for Rel-10 [5]. Thus, only one DL CC for all UL CCs as the transmit timing reference CC should be sufficient. In addition, when a UE is configured with a UL CC (on which it can transmit a contention RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”[4]. Thus, the transmit timing reference CC can be kept unchanged as either DL PCC or activated DL SCC with a linked UL CC in previous RACH procedure.
Proposal2: Only one DL CC for all UL CCs as the transmit timing reference CC should be sufficient, and the transmit timing reference CC can be kept unchanged as either DL PCC or activated DL SCC with a linked UL CC in previous RACH procedure.

We assume the DL PCC and activated DL SCCs are transmitted from eNB at the same time. There are 5 CA deployment scenarios for Rel-10 work in Appendix, in which scenario #1, #2 and #3 are applicable for FDD UL and all 5 scenarios are applicable for FDD DL. We take 2GHz + 800MHz as an example, provided that F1 and F2 stand for 2GHz and 800MHz respectively. 
In case of scenario #1, #2 and #3, when LOS path exists, the delay of first detected path (in time) of the corresponding downlink frame (indicated by T0) will be the same, which is independent of frequency. When no LOS path exists, the first detected path delays from F1 and F2 are T1 and T2. The time difference between T1 and T0 is likely to be less than 50ns, which is the time difference between the first tap delay and the second one in Table B.2-3 in [6]. While the time difference between T2 and T0 is likely to be less than 200ns, which is the time difference between the first tap delay and the second one in Table C.3.3 in [7]. Based on these observations, we can conclude that the time difference of the first detected path between F1 and F2 is less than 200ns. 
When UE takes either F1 or F2 as the timing reference CC, the time difference of the UE transmit timing corresponding to the difference timing reference CC is less than 200ns, which is less than 0.52us/LTE R9 TA resolution granularity and 0.39us/LTE R9 TA error limit. Further more, eNB is able to receive the uplink transmission successfully because the maximum time difference according to the difference UE transmit timing is less than 400ns, which is much less than 4.7us/CP length.
In case of scenario #4 and #5 with RRH and repeaters in inter-band aggregation, i.e., with different signal reception timings across CCs of different bands, an activated DL CC is used to provide throughput at hot spots and coverage extension as RRH and repeater. If such DL CC is linked with a UL CC in SIB2 and UE takes it as the transmit timing reference CC, then the UL CC may lose the transmit timing reference due to the mobility between the macro coverage and RRH and repeaters coverage. However, UE will do RACH procedure to resume UL transmit timing later.
According to the analysis above, the kept unchanged transmit timing reference CC can be used for PUCCH, PUSCH and SRS transmission in CA scenarios no matter it is DL PCC or activated DL SCC.
Proposal3: The kept unchanged transmit timing reference CC can be used for PUCCH, PUSCH and SRS transmission in CA scenarios no matter it is DL PCC or activated DL SCC.
Should the transmit timing reference CC which is activated DL SCC be deactivated, UE can take other activated DL CC with a linked UL CC as the transmit timing reference CC. In case of DL PCC change, UL PCC also changes (according to SIB2 linking) [8]. And all the UL SCCs changes correspondingly because of uplink intra-band CA. Whether it works to take a new activated DL CC with a linked UL CC as the transmit timing reference CC and use the old TA needs to be considered. No matter what DL CC is changed to, it is a frequency defined in Table 5.5-1 in [6] and time difference of the first detected path in such case is still within TA resolution granularity and TA error limit. Thus, eNB is also able to receive the uplink transmission successfully within the CP length. Further more, RAN2 defines some mechanisms to let UE resume uplink transmit timing, such as TA commands sent by eNB for transmit timing adjustment and RACH procedure etc. 
According to the analysis above, when DL SCC is deactivated or DL PCC changes, UE can take a new activated DL CC with a linked UL CC as the transmit timing reference CC.
Proposal4: When DL SCC is deactivated or DL PCC changes, UE can take a new activated DL CC with a linked UL CC as the transmit timing reference CC.
2.2 Transmit timing requirements

In [9], requirements of UE transmit timing are defined including UE transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate. For the same frequencies and operating bands are used in Rel-8, Rel-9 and Rel-10, the Rel-8/Rel-9 UE transmit timing requirements are applicable in Rel-10. In case of CA, only one activated DL CC as the timing reference CC and UE transmit timing of difference UL CCs are the same with one TA. Thus, the Rel-8/Rel-9 UE transmit timing requirements are also applicable for CA scenarios.
Proposal5: The Rel-8/Rel-9 UE transmit timing requirements are applicable for CA scenarios in Rel-10.
3 Conclusions

This contribution provides a discussion of the uplink transmit timing and some proposals are given:
Proposal1: The transmit timing reference CC is the corresponding DL CC with msg2 in RACH procedure.
Proposal2: Only one DL CC for all UL CCs as the transmit timing reference CC should be sufficient, and the transmit timing reference CC can be kept unchanged as either DL PCC or activated DL SCC with a linked UL CC in previous RACH procedure.

Proposal3: The kept unchanged transmit timing reference CC can be used for PUCCH, PUSCH and SRS transmission in CA scenarios no matter it is DL PCC or activated DL SCC.
Proposal4: When DL SCC is deactivated or DL PCC changes, UE can take a new activated DL CC with a linked UL CC as the transmit timing reference CC.
Proposal5: The Rel-8/Rel-9 UE transmit timing requirements are applicable for CA scenarios in Rel-10.
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Appendix: CA deployment scenarios for Rel-10 work

CA deployment scenarios for Rel-10 work
	#
	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.
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