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1 Introduction
In RAN4#79, an incoming liaision statement was received from RAN2[1]
	RAN2 would like to ask RAN1, RAN3 and RAN4 to help RAN2 evaluate the feasibility of the mobility enhancement solutions which were raised as “Solution 1: RACH-less handover” and “Solution 2: Maintaining Source eNB Connection during Handover” in TR 36.881. For the RACH-less solution, the details of TA calculation can be found in the attachment.

Questions related to the RACH-less solution(s) as described in the attachment:

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)
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)
Q3: In the UE based TA calculation, would the timing offset between source and target eNBs in asynchronous case be acquired by the target eNB and would this estimation be accurate for the calculation of TA? (RAN3/RAN4)
Questions related to the make-before-break solution(s):

Q4: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network? (RAN4)
Q5: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network in the following two cases? (RAN1/RAN4)

Case 1: PUSCH/PUCCH/SRS to one intra-frequency cell and PUSCH/PUCCH/SRS/PRACH preamble to another intra-frequency cell



After the liaision statement was sent, RAN2 reached further agreements on make before break solutions and agreed to remove two potential solutions from the WI. For this reason, the followup LS inidicates that Q4 and Q5 from the original LS do not have to be answered.

	According to the discussion in the RAN2#94 meeting, RAN2 agreed to remove the potential solutions which require excessive UE capabilities of simultaneous reception/transmission from/to two intra-frequency cells. Thus questions Q4 and Q5 asked in the previous LS (i.e. R2-163135) do not have to be answered. As a reference, Q4 and Q5 are also quoted as follows:

Excerpt from R2-163135:

Q4: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network? (RAN4)
Q5: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network in the following two cases? (RAN1/RAN4)

Case 1: PUSCH/PUCCH/SRS to one intra-frequency cell and PUSCH/PUCCH/SRS/PRACH preamble to another intra-frequency cell
Case 2: PUSCH/PUCCH/SRS to one intra-frequency cell and PRACH preamble in the other intra-frequency cell
2. Actions:

ACTION: 
RAN2 respectfully asks RAN1 and RAN4 to take the above-mentioned agreements into account and update their list of questions accordingly. 




In this contribution we discuss Q1, Q2 and Q3. It is proposed that RAN4 does not respond on Q4 and Q5, given that RAN2 no longer needs an answer to those questions and it would be time consuming to agree a suitable response. Some analysis was provided in RAN4#79 by other companies, however no TU were allocated in RAN4 for the disucsion. As a result, the questions in the incoming LS were not answered in the first outgoing LS [5] and further analysis is needed. 
	RAN4 would like to thank RAN2 for their LS on the feasibility of mobility enhancement solutions. RAN4 thinks these questions need further study to reply with concrete answers. Given there is no TU in RAN4 in this meeting, RAN4 will further study and reply in August meeting.

In the mean time, RAN4 would like to ask for clarification on the questions.

Regarding Q1, it is unclear that if the accuracy of the TA value calculated according to the schemes are sufficient for transmitting PUSCH/PUCCH/SRS. Does RAN2 mean that if current TA accuracy requirements can be satisfied or does RAN2 also consider relaxation of current TA requirements?




2 Discussion

We begin by summarising the basic schemes which RAN2 is discussing for “Solution 1 : RACH-less handover”. Essentially Q1-3 relate to UE calculated timing advance, for both synchronous and asynchronous networks
2.1 . Solution 1: Synchronous RACH-less solution2.1.1 Solution 1.1: UE based TA calculation

The TA calculation method is illustrated in Figure-1. 
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Figure-1 Obtain the TA in network

In the figure, T1 and T2 denote the propagation delay from source eNB and target eNB to UE, respectively. Assuming the UL propagation delay is the same as the DL propagation delay, the relationship between the TAsource and T1 is:

TAsource =2*T1
Similarly, the relationship between the TAtarget and T2 is:

TAtarget = 2*T2
Then one UE can derive the target cell TA from the source cell TA by:
TAtarget = TAsource– 2 *ΔT
Where, ΔT =  T1 - T2. The formula is applied for both synchronous network and asynchronous network.
	


For synchronous network, one UE can obtain the DL propagation delay difference between the source cell and the target cell (i.e., ΔT) according to the reception timing of DL signal transmitted at the same time from source eNB and target eNB.
It is assumed that the UE will apply the calculated TA directly, i.e. it will be self TA command. 

Note, the accuracy of this method needs to be further checked by RAN4. One issue is if/how the downlink/uplink imbalance can affect the accuracy of the estimation. This investigation can also provide recommendation on the timing of TA estimation, especially for the inter-frequency case if the UE needs measurement gaps.

From a RAN4 perspective it is important to note that inter-frequency TA estimation is within the scope of RAN2 work. Although RAN2 discussions have focussed eg on measurement gaps to estimate TA, these will be needed anyway to measure RSRP/RSRQ of the target cell, and timing can likely be estimated to some extent in parallel with the RSRP/RSRQ measurement. However, this means that interfrequency and interband variations in transmitter and receiver chain delay would need to be considered. Filter group delay or path through the receive/transmit strip could be very different for different bands, meaning that the additional uncertainties to time difference could be considerable.
2.2 Solution 2: Asynchronous RACH-less solution2.2.1 Solution 2.1: UE based TA calculation

As mentioned above, the formula TAtarget = TAsource– 2 *ΔT is also applicable for asynchronous network.
For asynchronous network, it’s, however, more complex to obtain theΔT - compared to the synchronous network case. UE should calculate the ΔT according to not only the reception timing of DL signal from the two eNBs, but also the inherent timing offset between the two eNBs. The inherent timing offset between target eNB and source eNB is denoted by Td. 
The ΔT calculation can be illustrated by the example in Figure-2. Source eNB transmits DL signal at subframe 0 (i.e. t1) and UE receives the signal at t2. The propagation delay from eNB to UE in source cell is T1 = t2-t1. Similarly, in the target cell, the propagation delay from eNB to UE is T2 = t4-t3.

Then, ΔT =  T1 - T2 = (t2-t1) – (t4-t3) = (t3-t1) - (t4-t2) = Td - Δt. In that formula, Δt, which equals to t4-t2, can be calculated by the UE as a result of receiving DL signals from two eNBs. The target eNB can obtain the value of Td e.g. by means of OAM and provide it to the UE in handover command.
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Figure-2 Obtain theΔT in asynchronous network
The accuracy of this method needs to be further checked by RAN4.

2.3  Consideration of questions from RAN2Firstly, we would like to mention that RAN2 agreed during RAN2#94 (ie after the original LS was sent)
	=> RACH procedure can be avoided at least in some deployments without introducing any new time alignment control or estimation mechanisms because the network knows when the timing alignment is the same for both source and target cells.
=>
Solution 1 is feasible at least in the case of reusing of time alignment values.




This means that regardless of the conclusion in RAN4 on calculated timing advance there are some commonly occuring scenarios (such as inter-sector handover for the same eNB) for which RAN2 may decide to specify RACH-less handover.

Observation 1 : Regardless of the answers which RAN4 conclude on to Q1,Q2, Q3, there are some scenarios in which RAN2 has agreed that timing alignment values may be reused to perform RACH-less handover.

Next, we turn our attention to the questions asked by RAN2. 
 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)

We would begin by mentioning that the discussion is extremely similar to one that took place for carrier aggregagtion enhancements in release 11. For that case, RAN2 asked about the following approach (which was not adopted in the end):

	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:-

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.




Especially variant b. where the calculated TA may be further updated by the network (using regular TA commands) is very similar to the methods proposed by RAN2 for RACH-less handover. In that case, the agreed response from RAN4 was that there was no agreement on the achievable accuracy and robustness of method (b).

	Based on contributions from several companies on achievable accuracy, RAN4 has concluded that timing advance method (a) would be insufficient to meet the accuracy requirements for uplink transmission on Scells in any feasible deployment. There is no agreement on whether the achievable accuracy and robustness is insufficient for method (b). However, RAN4 would like to inform RAN2 that timing alignment error (TAE) for interband carrier aggregation is specified in TS36.104 section 6.5.4.1. For interband carrier aggregation, the relevant minimum performance requirement is given :

“For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs.”. 

Based on the analysis which has been performed in RAN4, if the TAE value cannot be estimated in and signalled from the eNodeB, or otherwise corrected, an additional error of 2*TAE will be present in the initial SCell transmission timing for method (b) on top of any other uncertainties.




As there was no consensus on the sufficiency of method (b) in the earlier work, and as there is similarly no clear definition of “sufficient accuracy” for the initial PUCCH/PUSCH/SRS transmission either in this work (see the question asked by RAN4 in [7]), all we can do is rework the earlier analysis for this scenario.

Considering the ideal timing advance

TAtarget = TAsource– 2 *ΔT
TAtarget = TAsource-2*(T1 – T2)
The calculated timing advance is 

TAtarget = TAsource-2*(T1,est – T2,est)
=TA TAsource-2*(T1+ – T2,est)
The uncertainty in 
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. This can be expressed as follows: 
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 EMBED Equation.3 [image: image8.wmf]
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 is the uncertainty of the source cell TA value. This uncertainty is the same as in 3GPP rel-8. The optimistic uncertainty is ±4TS based on the allowed UE error. (The TA step size is 16 TS).
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is the uncertainty of the relative reception time in the UE of the source and target downlinks. 
This uncertainty is approximately ±5 Ts (90%) in good SNR and ±9 Ts (90%) in bad SNR [4]. It should be emphasised that for a handover scenario, either source or target cell (or both) is likely to have relatively low SNR, ie estimating reception time is subject to uncertainty.
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is the uncertainty of the relative transmission timing of the source and the target cell. This is similar to time alignment uncertainty in carrier aggregation. For the synchronous scheme considered by RAN2, the cells are assumed to be perfectly aligned. However, in practice the transmissions will be misaligned to some degree. For the asynchronous scheme, the misalignment between the eNB downlinks is somehow estimated and signalled to the UE (“The target eNB can obtain the value of Td e.g. by means of OAM and provide it to the UE in handover command.”), however the network cannot be assumed to have perfect knowledge of Td (if Td was perfectly known to the network then it could simply adjust the target cell downlink timing by Td and convert the deployment to a synchronous scenario, rather than signalling it to the UE. Hence for the asycronous case, the uncertainty in signalled Td value plays the same role as 
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in the synchronous variant of RACHless operation.
The uncertainty in transmission timing of the source and target cell has never been specified in FDD except for carrier aggregation and dual connectivity operations, since the UEs are expected to support fully asynchronous operation. For TDD, 36.133 contains requirements for cell phase synchronisation:

	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	> 3 km
	( 10 (s


For Home BS, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-2.
Table 7.4.2-2  Cell phase synchronization requirement for Home BS (TDD)
	Source Cell Type
	Propagation Distance
	Requirement 

	Small cell
	( 500 m
	( 3 (s

	Large cell
	> 500 m
	(1.33 + Tpropagation (s


Taking 3 (s as an optimistic value, this corresponds in Ts units to 92Ts.
This means that the uncertainty in the TA value, 
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It can be observed that the calculated timing advance scheme puts significant new demands on the network to either align neighbour cells very accurately (synchronous case) or signal the transmission time difference Td very accurately (asynchronous case)
The legacy accuracy will not be fulfilled in any case, even if time alignment between source and target cell is perfect (or perfectly signalled), since an optimistic error analysis shows that the uncertainty is bigger than one TA step of 16 TS.

In summary, the uplink timing in the RACHless method is not accurate because

· The downlink timing estimation is performed by the UE in conditions of low SNR for one or both of the cells (by definition, since it needs to be performed in the handover zone)

· The transmission timing of the uplink is subject to significant uncertainties (either imperfect sync or imperfect knowledge of time difference for the asynchronous scheme)

· All errors are doubled because of the formula TAtarget = TAsource– 2 *ΔT
Observation 2: The legacy accuracy for uplink timing alignment cannot be met by either UE calculated TA scheme, and even an optimistic analysis of the uncertainties in transmission timing shows that the uplink CP duration may be exceeded for both the synchronous and asynchronous schemes
Even if technically, feasible, to improve both network and UE timing uncertainties enough to support this scheme to give significantly better uplink transmission timing after handover would place an extreme burden on both network and UE design (including hardware aspects), which is hardly justified considering that the legacy RACH procedures already provide a robust method to set the initial timing alignment after handover.
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)
The question is addressed to both RAN1 and RAN4. The RAN4 aspect of this question is more related to UE RF than RRM session. In short, the typical UE implementation sets transmission power in an open loop fashion at low output power level (ie configures gain of the power amplifier and other TX strip elements to a value thought to be close to the demanded value), and uses a power detector circuit to provide feedback on the actual output power at high output power (ie makes adjustments to the gain based on feedback from the actual power being detected). As the PUCCHPUSCH/SRS transmission is being started at the handover region, it is likely that the UE will need to start it’s transmitter at close to maximum power. RAN4 defines an absolute power tolerance of ±9dB in normal conditions and ±12dB in extreme conditions. Relative power tolerance for PRACH is between ±2.5dB and ±6dB depending on step size. Therefore the power setting at the start of connection can be more accurate (considering minimum requirements) if a PRACH ramping scheme is used, rather than going directly to a target output power and starting PUSCH/PUCCH.

In addition the PRACH power ramping provides a means to start off with a less aggressive transmission and to ramp up power gradually if the initial setting is not sufficient. Without a ramping procedure, an inaccurate power setting for the uplink could cause significant interference issues, since a more aggressive initial transmission would be needed to have a good chance of success.

Observation 3 : Starting PUCCH/PUSCH/SRS transmission directly at an accurate power level is more difficult than ramping up to a power level. The power setting at the start of connection can be more accurate (considering minimum requirements) if a PRACH ramping scheme is used. Moreover, without a ramping procedure, a more aggressive initial transmission power after the handover needs to be used, which may cause uplink interference issues.
Q3: In the UE based TA calculation, would the timing offset between source and target eNBs in asynchronous case be acquired by the target eNB and would this estimation be accurate for the calculation of TA? (RAN3/RAN4)
This question appears to concern whether there are methods for finding time difference, and how accurately the network (eg O&M procedures) can estimate time differences between cells across the network. Since comptenence in protocols and methods for establishing time across the network (such as Precision Time Protocol (PTP) to pick one example) is in RAN3, we propose that RAN4 does not comment on this aspect. It is perhaps addressed to RAN4 because uncertainties in the signalled Td contribute (scaled by a factor of 2) to uncertainties in TA after the handover, however we have already commented on this aspect in the discussion of Q1.
Observation 4 : Q3 from RAN2 seems to within the domain of RAN3 to evaluate
Q4: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network? (RAN4)
Q5: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network in the following two cases? (RAN1/RAN4)
Observation 5 : Based on the latest information from RAN2, Q4 and Q5 do not need to be answered.
3 Conclusions

In this contribution we evaluate the questions posed in [1] and make the following observations
Observation 1 : Regardless of the answers which RAN4 conclude on to Q1,Q2, Q3, there are some scenarios in which RAN2 has agreed that timing alignment values may be reused to perform RACH-less handover.

Observation 2: The legacy accuracy for uplink timing alignment cannot be met by either UE calculated TA scheme, and even an optimistic analysis of the uncertainties in transmission timing shows that the uplink CP duration may be exceeded for both the synchronous and asynchronous schemes
Observation 3 : Starting PUCCH/PUSCH/SRS transmission directly at an accurate power level is more difficult than ramping up to a power level, and would create additional TX requirements for a UE if such a scheme were adopted. Moreover, without a ramping procedure, a more aggressive initial transmission power after the handover needs to be used, which may cause uplink interference issues.
Observation 4 : Q3 from RAN2 seems to within the domain of RAN3 to evaluate
Observation 5 : Based on the latest information from RAN2, Q4 and Q5 do not need to be answered.
Based on the observations we propose the following answers to RAN2

Q1 : The legacy accuracy for uplink timing alignment cannot be met by either of the UE calculated TA schemes, and even an optimistic analysis of the uncertainties in transmission timing based on current requirements shows that the uplink CP duration may be exceeded for both the synchronous and asynchronous schemes. Even if it were technically feasible to improve both network transmission and UE receiver timing uncertainties enough to support this scheme, it would place a large additional burden on both network and UE design (including RF and hardware aspects). It would be particularly difficult to set an accurate TA based on calculation methods for Intefrequency and interband handover without RACH.
Q2 : Starting PUCCH/PUSCH/SRS transmission directly at an accurate power level is more difficult than ramping up to a power level. The power setting at the start of connection can be more accurate (considering minimum requirements) if a PRACH ramping scheme is used.

Q3 seems to be within the domain of RAN3 to evaluate, and RAN4 does not provide any response, other than to note that any uncertainty in the signalled Td, denoted as ΔTd, will directly correspond to an additional uncertainty of 2* ΔTd in the calculated TA value.
Based on the latest information from RAN2, Q4 and Q5 do not need to be answered.
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