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Description

An LS from RAN2 to RAN1 [1] was discussed RAN1#85 meeting. Several contributions related to the listed questions were presented:
[1] R1-163968	LS on the feasibility of mobility enhancement solutions	RAN2, ZTE (R2-163135)
[2] R1-164644	Draft reply LS on the feasibility of mobility enhancement solutions	ZTE
[3] R1-165226	Discussion on feasibility of mobility enhancement solutions	Intel Corporation
[4] R1-165227	DRAFT Reply LS on the feasibility of mobility enhancement solutions	Intel Corporation
[5] R1-165370	Discussion on the mobility enhancements solutions	Nokia, Alcatel-Lucent Shanghai Bell
However, RAN1 cannot reach any agreement on that if the TA value calculation mentioned in Q1 can reach the requirement for transmitting PUSCH/PUCCH/SRS at the target cell. RAN1 also did not reach consensus on answering other questions.
After the RAN1#85 meeting, RAN2 sent out another LS [6] to ask to focus on Q1, Q2 and Q3 (RAN4 only) to facilitate the solution selection on mobility enhancement discussion. 
[6] R2-164565	LS on the evaluation of simultaneous transmission and reception, 
During RAN#72, it was agreed to task an email discussion after RAN #72 in responding to RAN2 LS R2-163135 over RAN1 email reflector. In the next section, we summarize views regarding the questions.
Discussion
TA value calculation
Q1: Would the accuracy of the TA value calculated according to the schemes in the attachment be sufficient for transmitting PUSCH/PUCCH/SRS at the target cell in either synchronous or asynchronous network?  (RAN1/RAN4)
Answer: Yes/No?
	Company
	Answers: Yes/No
	Comments/Reasons

	Nokia, Alcatel-Lucent Shanghai Bell
	Yes
	UE based solution:
Accuracy of the TA in the target cell depends on accuracy of the UE measurement of DL timing difference and accuracy of the network synchronization. We think that DL timing difference measurement for UE could be specified in 36.214 but the accuracy of the measurement would be specified in RAN4. Regarding network synchronization, we think that accurate enough synchronization is possible. For example in case of CA time alignment accuracy is specified to be better than 260ns. We think that it could be left up to network implementation to determine whether the combined accuracy of UE measurement and network synchronization are good enough for RACH-less handover.

eNB based solution:
In order to estimate timing accurately at the target cell from the signal transmitted by the UE, signal with large enough PRB allocation should be used. Resources used for timing measurement should be selected so that collisions with other transmission in the target cell are minimized. Probably both of these issues can be handled by network implementation. As pointed out in R2-163023 there may be delay between timing measurement and the handover command and in high mobility case this could be a problem. RAN4 could study this. 

	Intel
	No
	In ideal case (e.g. if the network is perfectly synchronized), the TA value calculated according to the schemes may be applied. However, according to TS36.133, the cell phase synchronization requirement is up to 3us and most of cases is optional (i.e. no requirement). Therefore, the best scenario we can assume for the level of network synchronization is 3us. The accuracy according to the schemes in the LS will be limited to 3us for both synchronous and asynchronous network. Therefore, the TA value calculated according to the schemes in the LS is not sufficient and accurate enough for transmitting to the target cell for both synchronous and asynchronous networks. However, for handover to a small cell (e.g. <156.25m cell size), given the granularity of TA is 16*Ts (0.52us corresponding to 156.25m propagation), UE may not need to apply for TA for transmitting PUSCH/PUCCH/SRS at the target cell. 


	ZTE
	Yes, for synchronized network.
	When both source cell and target cell are well synchronized, the TA calculation can achieve sufficient accuracy.  Synchronization network is not a mandatory feature for network. However, the network can fulfill certain synchronization accuracy among different cell in deployment for many LTE features, e.g. Positioning, MBMS, e/ICIC, CA, QCL antennas and CoMP. As long as the TA calculation accuracy meet the 4.7 us CP length, the target cell can receive the signal transmitted based on that TA. And it can us TA adjustment command to fine tune the TA in following step. This 4.7 us means 2.35 us requirement of network synchronization requirement, if considering  the round trip prorogation. Further, above-mentioned features need similar level or even higher requirement.
However, the exact network synchronization and other requirement needed potentially should be defined in RAN4 

	China Telecom
	Yes for synchronous network
	For the synchronous case, the accuracy of TA depends on the accuracy of UE measurement of DL timing difference between the source eNB and the target eNB as well as the network synchronization. As for the DL timing difference, as long as it is smaller than 4.7 us CP length, the calculated TA can be usable. Regarding the network synchronization, from our perspective, we think that the accurate synchronization can be realized, e.g. by GPS. As pointed out by Nokia/ASB and ZTE, in case of CA, the time alignment accuracy can be better than 260ns. Thus, the calculated TA is sufficient for transmitting PUSCH/PUCCH/SRS at the target cell in the synchronous network.
For the asynchronous case, besides the accuracy of UE measurement and the network synchronization, the accuracy of TA also depends on “the accuracy of estimation of timing offset between the source eNB and target eNB” in Q3, which should be defined in RAN3/RAN4.

	LGE
	Yes for some cases
	The TA for the target cell may be accurately calculated by the schemes in some cases; the cells are very well synchronized, UE measurement of DL timing is sufficiently accurate, and the recipient of UL is also changing from the source cell to the target cell. It should be noted that, when UL CoMP is applied, UL transmission from the UE may be received by the target cell even before the handover and the UE-based TA calculation will not work in this case.

	Samsung
	For some cases 
	Firstly, we think that the RACH-less approach is applicable only for the synchronous networks as was already captured in TR 36.881 during the study phase, so for asynchronous networks the sufficient level of TA accuracy cannot be reached without radical changes to the overall design of the system. However, as noted by Intel, even for the synchronized networks 3GPP sets the requirement of 3us, which is not sufficient. Yet on the other hand, there can be network deployments in which synchronization level is much better i.e. the sufficient accuracy level can be ensured. It should also be noted that it is not only about the synchronization level of cells, but also about their sizes. If there is a macro cell and small cells deployed on the same frequency, then the TA value used at the macro cell edge may be not applicable after handover to a small cell, and vice versa. As a summary, an answer to the question of whether TA accuracy can be ensured depends a lot on a particular network deployment.



Observation:
It is observed that with sufficiently good synchronized network the calculated TA can be accurate enough to transmit PUSCH/PUCCH/SRS to target cell.  
However, the example of network synchronization requirement did not consider additional errors like UE RX DL sync error for serving and target cells, timing measurement bandwidth for serving and target cells, and so on. The exact requirement should consider those. Therefore, it is finally up to RAN4 regarding the feasibility with consideration of practical implementation of such synchronization requirements.
For small cell with less than 156.25m cell size, TA calculation may not be applicable. 
For small cell (as target cell) with less than 156.25m cell size or for intra-eNB handover, RACH-less operation by setting TA=0 is applicable.
For the asynchronous case, besides the accuracy of UE measurement and the network synchronization, the accuracy of TA also depends on the accuracy of estimation of timing offset between the source eNB and target eNB.
Even for the case of sufficient network synchronization, UE’s autonomous TA adaptation should not be applied for some cases. For example, when the target cell is already receiving UL transmissions by CoMP operation, no TA change is needed even after handover.
Answer:
1a. With certain good synchronization between serving and target cell, the calculated TA can be accurate enough to transmit PUSCH/PUCCH/SRS to target cell under the assumption that serving and target cell are sufficiently synchronized and that the UE RX DL synchronization errors for both serving cell and target cell are sufficiently small. In addition, it is also RAN1 understanding that introducing such TA calculation methods may result in additional synchronization requirements not only for the network but also for UE. 
1b. The TA calculation may not meet the current requirement of UL initial transmission with the practical considerations of larger error terms such as network synchronization error between serving and target cell, DL synchronization error from serving cell, DL synchronization error from target cell, and etc.
1c. For small cell, RACH-less operation by setting TA=0 may be applicable. For intra-eNB handover or some UL CoMP cases, RACH-less operation by reusing the current TA value may be applicable.
2. The feasibility of the TA calculation considering practical eNB/UE implementation and exact requirements on network synchronization, UE RX synchronization for serving/target cell, and other potential requirements should be confirmed by RAN4.

PUCCH/PUSCH/SRS transmission based on correct TA calculation
Q2: Assuming the TA value can be calculated accurately, would starting PUCCH/PUSCH/SRS transmission directly (i.e. without power ramping step) be feasible? (RAN1/RAN4)
Answer: Yes/No?
	Company
	Answers: Yes/No
	Comments/Reasons

	Nokia, Alcatel-Lucent Shanghai Bell
	Yes
	Already now PRACH based power ramping is not always used before PUCCH/PUSCH/SRS transmission: in case of UL CA without multiple TA, when new UL SCell is configured for the UE, PUSCH/PUCCH/SRS transmissions in that cell start directly without power ramping step. The first PUSCH/PUCCH/SRS in the target cell can be configured to use power control parameters and pathloss of the target cell. Low MCS can be used in the first transmissions to the target cell. If the first transmission from the UE is not received at the target cell, eNB can request UE to increase tx power when scheduling retransmissions.

	Intel
	TBD
	According to the discussion in Q1, the calculation according to the schemes LS is not applicable for transmitting PUCCH/PUSCH/SRS directly. In TS36.213, In case when UE skips to transmit PRACH to target cell in small cell case, it may be possible to start PUCCH/PUSCH/SRS transmission directly without power ramping step. However, it would require further study and evaluation how much performance will be affected without power ramping step.

	ZTE
	Yes
	It is feasible as we already support that in CA, since they all assume we already had some usable TA. However, the power setting should be different for transmitting PUCCH/PUSCH/SRS to target cell.  The detail scheme needs to be discussed.

	China Telecom
	Possible
	Starting PUCCH/PUSCH/SRS transmission directly without power ramping step is possible and already used in case of UL CA without multiple TA. However, the impact of such operation should be studied and the performance degradation should be evaluated.

	LGE
	Yes
	The current spec already supports direct PUCCH/PUSCH/SRS transmissions without power ramping. In case of UL CoMP, the UE transmission power may already be tuned for the reception at the target cell and no change is needed for the UL transmission power.

	Samsung
	In principle feasible, but has some implications on further procedures
	As noted by several companies, starting PUCCH/PUSCH/SRS transmission directly without power ramping step is possible and already used in case of UL CA. However, handover case is noticeably different. With UL CA, there is a PCell that already provides a connection to the network, while in the handover scenario it is the PCell that is going to be interrupted (and all the SCell(s) are automatically deactivated). So, direct transmission of PUCCH/PUSCH/SRS for PCell is technically feasible, but the question is about implications that it will have on the resulting performance, i.e. whether the estimated transmission power will sufficient to send the response message. If the initial transmission is estimated wrongly, then due to absence of the power ramping up phase we may leave a UE in a logical deadlock for a certain period of time before the situation is detected and recovered by upper layers.



Observation:
Assuming the TA value can be calculated accurately, UE can start PUCCH/PUSCH/SRS transmission directly without power ramping step. It is RAN1 understanding that the feasibility should also be confirmed by RAN4 considering the demodulation performance of PUCCH/PUSCH/SRS.
Answer:
Assuming the TA value can be calculated accurately, UE can start PUCCH/PUSCH/SRS transmission directly without power ramping step. It is RAN1 understanding that the feasibility should also be confirmed by RAN4 considering the demodulation performance of PUCCH/PUSCH/SRS.



Summary
RAN1 has reply the questions with the above answers in the reply LS R1- R1-166053 to RAN2.
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