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1   Introduction
An email discussion was run after RAN3-91 where companies attempted to converge on an evaluation of Solution 1 of TR36.898. The email discussion did not converge to a common draft for the evaluation, one of the reasons being that companies could not agree on the open issues to be further analysed for Solution 1.
This paper provides one of the proposed versions of the evaluation to Solution 1 as well as a list of open issues that needs to be resolved before a full evaluation on Solution 1 can be achieved.
2   Evaluation of Solution 1
The annex of this paper refers to one proposed version of the evaluation of Solution 1 that was presented during the email discussion following RAN3-91 and that found other companies’ support. This version is considered as reference here because it captures the majority of problems detected so far on Solution 1 and not addressed by sufficient analysis. Indeed, it is believed that Solution 1 requires further analysis on the aspects listed in the proposed evaluation in the annex of this paper, such aspect being also in the remit of other groups like RAN1. 
The open issues mentioned in the proposed evaluation may be resolved by opportune analysis, but until they are properly resolved the study should capture them in TR36.898. Failure to capture such open issues implies that the results of this study would lead to a misleading decision on whether Solution 1 can perform as specified or not. It is therefore proposed to take the evaluation in the Annex as baseline for T36.898.

Proposal 1: In order to capture a full list of open issues concerning Solution 1 it is proposed to agree to the TP in the Annex of this paper as the evaluation of Solution1 in TR36.898

2.1   Open points concerning Solution 1
During the last RAN3 meeting it was also highlighted that a detailed list of open issues concerning solutions in need of other groups feedback shall be made available. In order to respond to such request the following list of open points concerning solution 1 is presented.

RACH Signal Detection Time 
Solution 1 is based on a synchronisation technique that relies on detection of the same RACH signal (emitted by a UE) by two eNBs. A PRACH sequence can have a duration of up to 1.6ms (see TS36.211), i.e. a PRACH sequence could extend over up to 3 subframes. It is therefore essential to understand at which point in time each eNB receiving the PRACH sequence should timestamp reception. This aspect is not specified in 3GPP and it should be analysed with the help of other groups, e.g. RAN1.
Observation 1: PRACH sequence detection time stamping shall be analysed further

Impact of Lack of Handovers
Assuming that Solution 1 can deliver sufficient accuracy, the solution is able to provide synchronisation so long as handovers between the cells that need to be synchronised occur. It is plausible to think that handovers can occur irregularly, leading to intermittent periods when handovers occur and others when handovers do not occur. It should be analysed what is the effect of 
1) Leaving the network unsynchronised due to lack of handovers

2) Intermittent periods of synchronisation (when HOs occur) and lack of synchronisation on network performance

This aspect may need supervision from RAN1/RAN4.

Observation 2: The effect of lack of handovers needs to be analysed further
Impact of Utilisation of In-band RACH for Synchronisation purposes

In order to calculate and compensate for propagation delays Solution 1 makes use of one extra in-band RACH procedure during the handover preparation, see section 5.3.1.2 of TR36.898 where it is mentioned “The source eNB will calculate the TA when it receives the RACH, and then the propagation delay could be calculated by using TA as Tp2 in Figure2.” See also Figure 2 of the same TR.
Use of such in band RACH procedure opens the following points that need further analysis:

1) Impact on network capacity: the eNB cannot serve any other UE on the resources used for in band RACH. The impact should be evaluated

2) Impact on HO performance: The new in band RACH access is performed before sending the HO command to the UE. Therefore the HO delay is increased by the duration of the in band RACH. Such impact on mobility needs to be evaluated

3) Impact on signalling: The introduction of one extra RACH procedure for handovers implies a considerable increase of RRC signalling. Current HO procedures consist of 4 RRC messages (involving source and target eNBs). The addition of an extra RACH procedure as part of the HO procedure would add another 4 RRC messages, namely there is an increase of RRC messages for HOs of 100%. The impact of this signalling increase shall be analysed
4) Impact on UE: so far in band RACH has been used only for cases where the UE looses UL synchronisation. Solution 1 makes used of in band RACH also for cases where synchronisation is not lost. It should be analysed whether such use of the RACH procedure is feasible and correct

Observation 3: The impact of in-band RACH usage during HO procedures needs to be analysed further
Impact of requesting a serving eNB to detect RACH signals to target eNBs
Solution 1 is based on the assumption that an source eNB is able to detect the RACH signal a UE sends to a target eNB. The latter is a non-obvious assumption and needs further attention. The following should be analysed:
1) If the target eNB operates in frequencies not supported by the source eNB, what are the requirements on the source eNB?

2) What are the effects on capacity of requesting a source eNB to detect RACH access performed by the UE on another eNB?

3) Are current specifications mandating that RACH access performed during HOs can be detected by a source eNB or is this one possible implementation option?

Observation 4: The requirement for a source eNB to detect RACH access signaled to a target eNB needs further analysis
Analysis of the case where initial synchronisation is not acquired

Solution 1 is based on the assumption that after the eNB powers up there will be no (phase/time) synchronisation. It is unclear whether it is possible to serve UEs while the network is completely unsynchronised. For that it is not possible to understand if handover events can be foreseen at all, given the uncertainty that UEs can be served, especially when phase time sync is required, such as in TDD networks. It shall be therefore analysed whether lack of initial synchronisation constitutes a blocking condition for the solution to process further.

Observation 5: The condition of lack of initial synchronisation needs to be analysed further

Analysis of the case where RACH access fails and RACH retransmissions are needed

RACH resources are contention based. It is possible that a RACH signal is not received correctly, in which case the RACH preamble will be retransmitted. However, in Solution 1 it can occur that the target eNB does not receive the RACH signal while the source eNB receives it correctly. This event will lead to retransmission of the RACH signall by the UE and reception/time-stamping of the new RACH signal at the target eNB. In this case source and target eNB will have misaligned time stamps that may lead to a state of a-synchronisation.
Observation 5: The effect of RACH retransmission on Solution 1’s performance needs to be analysed further
3   Conclusion 

In this paper a baseline text proposal for the evaluation of solution 1 has been presented. This baseline was discussed via email after RAN3-91 and found support by some of the companies participating. The following is therefore proposed: 
Proposal 1: In order to capture a full list of open issues concerning Solution 1 it is proposed to agree to the TP in the Annex of this paper as the evaluation of Solution1 in TR36.898

The paper also listed a detailed set of open issues that need to be analysed and resolved before a full evaluation od Solution 1 can be concluded. The list of open issues led to the following observations:

Observation 1: PRACH sequence detection time stamping shall be analysed further

Observation 2: The effect of lack of handovers needs to be analysed further
Observation 3: The impact of in-band RACH usage during HO procedures needs to be analysed further
Observation 4: The requirement for a source eNB to detect RACH access signaled to a target eNB needs further analysis
Observation 5: The condition of lack of initial synchronisation needs to be analysed further

In light of such analysis the following is proposed:

Proposal 2: It is proposed that the list of open issues in section 2.1 is captured in TR36.898
Proposal 3: It is proposed that the list of open issues in section 2.1 is used to draft an LS to relevant groups such as RAN1 and RAN4
4   Annex: TP on Evaluation of Solution 1 for TR36.898

---Start Text Proposal---

5.4
Evaluation of solutions

· Solution 1: Network based solution using detection of UE transmission
· Accuracy: 

In Solution 1 the frequency synchronization mechanism, i.e., Synchronous Ethernet, should be deployed and used to keep the phase drift within a certain range. This mechanism can help maintaining the clock drift within certain limits once the clock has been synchronised, but it does not provide a clock synchronisation. Therefore, it is not possible to initially phase/time synchronise the network. Given that it is not possible to serve UEs in a completely asynchronous network it is unclear how the solution allows serving UEs and performing handovers. 
Assuming that an initial synchronisation can be achieved and referring to ITU-T G.8261, a possible time interval error (MTIE) requirement is defined, i.e., with considerations of temperature effects a phase wander of 2000ns/20s can occur. Consequently, to meet the accuracy of 2(s as an example, the network should adjust the time difference of the two cells per 20s. 
During UE transmission and detection, the accuracy within eNB is the multiple times of Ts and the time offset is based on accumulation of errors. It is known that Ts is the basic time unit in LTE, which is equal to 32.55ns (see TS 35.211). The TA value is sent from eNB to UE to keep accuracy for transmission and to avoid network overload. The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16
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(see TS36.213). Therefore propagation delay estimations based on TA are subject to an error of at least 260ns. Given that the solution makes use of two TA settings to derive propagation delay, this results in a propagation delay compensation error of up to 520ns 
The accuracy of the solution depends on the accuracy of RACH signal detection. A RACH preamble signal can be several milliseconds long, therefore it should be analysed how two eNBs can ensure that detection of RACH access is done at the same point in the duration of the RACH preamble.

It should be noted that a statistical approach for detection of clock shift between two eNBs would not be feasible for the problem of network synchronisation because the clock offset between two eNBs is in continuous change (depending on e.g. temperature, oscillator accuracy). Therefore, a statistical approach meant to converge to a single clock offset value would not be appropriate because the clock offset will change dynamically.

· Added value:
Provided that a method for initial synchronisation of an eNB’s clock is available and that a solution for maintaining the clock drift within certain limits is deployed and provided that mobility events occur often enough to keep synchronisation within the required accuracy, this solution can be used when other methods are not applicable, e.g. when RIBS is not used, when GPS cannot be used or when IEEE1588v2 is not deployed. However, the solution needs the deployment of SyncE. However availability of SyncE implies requirements on the network that are in general those that also a IEEE1588 network would have (e.g. specific HW support in every node; single operator domain, Operational effort in managing the synchronization network over the backhaul, etc.).
· Availability: 
The solution cannot work in a standalone way because it requires a method for initial clock synchronisation and a solution for frequency synchronisation to be supported. The solution requires mobility events in order to achieve synchronisation, thus the network only can be in sync if there are frequent enough mobility events.
· Triggering: 

Solution 1 can be triggered when there are mobility events. If these events occur within a time window where the synchronisation accuracy is met, the solution allows to maintain synchronisation. If these events do not occur often enough to allow maintaining synchronisation accuracy, the solution will not allow the network to be synchronised.

· Synchronisation signal robustness: 
Solution 1 relies on normal RACH transmission in the overlapped mobility area. The case of RACH conflict and retransmission may impact the robustness of the solution and it should be studied further.
· Impacts on network: 
Solution 1 requires the support of Synchronous Ethernet.

Solution 1 requires introducing one new IE in the context release message. Some additional RACH transmissions in the source cell prior to handover are needed..
It should be analysed further what system capacity impact the solution has due to the use of in band RACH signalling for synchronisation purposes. Such usage implies that during reception of RACH signals other signals cannot be received on the same time-frequency resources. 

It should be analysed further whether the solution might have an impact on UE behaviours and on handover performance. The first impact on UE is due to the use of in band RACH procedures (used for UL synchronisation) for cases where no UL synchronisation is needed. The second impact on HO performance is due to the need of performing in band RACH access during the HO procedure, which will delay the overall HO completion time.
· Impacts on eNB:
The solution requires that the eNB stores the reception time of the RACH. And the source eNB should be able to listen to RACH signalling in the target cell.
· Feasibility:

The solution is subject to further analysis on several aspects such as accuracy. The solution also depends on the availability of an initial synchronisation source (initial clock synchronisation) and on the availability of a method for prolonging clock hold over periods when no mobility events occur. It has to be further analysed whether it is feasible that lack of mobility derives in a non-synchronous network. It has to be further analysed what the accuracy of the solution is. It has to be further analysed what are the consequences of RACH retransmission on the provided accuracy. It has to be further analysed what the impact on network capacity due to the need of detection of in band RACH access is. It has to be further analysed whether the UE and eNB support the behaviour in Figure 2 of TR36.898, where an extra in band RACH access is performed for the purpose of synchronisation (current in band RACH is used for cases of lost UL synchronisation).

Whether the solution is feasible depends on analysing and resolving the open issues above. 

As a summary, Solution 1 is targeting to utilize the mobility of UEs and require source eNB to detect RACH which is sent to target eNB from UE as well as triggering in band RACH access during HO procedures. It has dependency with the availability of an initial source of synchronisation and on deployed of frequency synchronization mechanism, i.e., Synchronous Ethernet, to keep the time drifting within the range defined in ITU-T. After eNB get the time information and transfer by context release message, the target will be able to handle the values by a statistical approach, e.g., averaging, and adjust accordingly. For the initial synchronization, the network only can be synched if there is incoming mobility. 
--- End of the Text Proposal---
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