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1 Introduction
During the offline email discussion after RAN3#85 meeting, stage3 CR for RIBS [1] has been accepted as the baseline CR. And during the RAN3#85bis meeting, we have discussed synchronization acknowledgement procedure as a supplementary scheme of muting procedure [2]. But there still exists some divergence about it. In this contribution, we give the analysis on the necessity of synchronization acknowledgement procedure in order to solve the left issues raised from email discussion.
2 Discussion
2.1 Issue on muting procedure 
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Figure 1 Scenario of SeNB listening to SeNB

As shown in Figure.1, it’s a typical scenario of RIBS (Radio Interface based Synchronisation), when the target SeNB T_1 is listening to the source SeNB S_1 to track synchronisation reference signal, it may suffer strong interference from aggressor SeNB A_1, in order to improve the hearability, the target SeNB T_1 can trigger the muting procedure by sending the Activation/Deactivation muting signalling to the aggressor SeNB. 
If the LRS pattern transmitted by aggressor SeNB is in collision with the muting pattern requested by the target SeNB, then the possible muting solutions of the aggressor SeNB are listed as below in [3]:

a) SeNB do fully muting 

· a-1Based on implementation. Wrong muting may occur, which will result in that its syn target SeNB(s) will lost the synchronization RS.

· a-2 SeNB do fully muting with the synchronization source acknowledgement notification. If the SeNB knows it was not selected as the syn source, it can do fully muting based on the muting pattern as requested without any negative impact. S1 signalling will be needed for the notification.

b) SeNB do partial muting, e.g., choose longer muting period. It will decrease the synchronization precision unnecessary especially when the aggressor SeNB has not been chosen as the syn source for any other SeNB.

c) SeNB refuses to do muting. Muting can not be supported when the muting stratum level is equal to its own syn stratum level.

For solution a), someone may argue that even the SeNB does muting the LRS, it still can be the syn source SeNB, since the SeNB only mutes the part of data field, the CRS in control field still can be tracked by the syn target SeNB. For this question, let’s take the case of one antenna port as an example, as shown in figure 2, the downlink reference signals are highlighted as R0, since at most the first four symbols (mostly three symbols) can be used for PDCCH which are regarded as control field, therefore, if data field is muted, only one symbol CRS can be used as synchronization reference signal, compared to normal LRS of three symbols in the data field which has been evaluated as synchronization reference signal by RAN1, the synchronization reference signals are lost 66.7%, which means that the equivalent synchronous cycle increases 66.7%, so the synchronous performance will also declined. As shown in figure 2, the period of LRS is designed by RAN1 based the normal RS of three symbols in a subframe, there is no simulation result can support that the only one symbol RS may satisfy the synchronization accuracy requirements after muting. 

Observation1：If the eNB does fully muting in all the LRS subframes, it can not work as the synchronization source any more.

[image: image2.emf]0  l

0

R

0

R

0

R

0

R

6  l 0  l

0

R

0

R

0

R

0

R

6  l

O

n

e

 

a

n

t

e

n

n

a

 

p

o

r

t

0



l

0

R

0

R

6



l 0



l 6



l

O

n

e

 

a

n

t

e

n

n

a

 

p

o

r

t


Figure 2a. Normal downlink reference signals.                   Figure 2b. Left downlink reference signals after muting
Therefore, the aggressor SeNB cannot do muting directly; otherwise the potential syn target SeNB cannot track the synchronization reference signals. So solution a-1) that SeNB do fully muting based on implementation is not suitable, since wrong muting may occur, which will result in that its syn target SeNB(s) will lost the synchronization RS. 
In order to ensure the synchronization performance, how to avoid wrong muting shall be solved. 

Observation2：In order to ensure the synchronization performance, how to avoid wrong muting shall be solved.
For solution a-2), if the aggressor SeNB can know whether it was selected as the syn source of the other SeNBs or not, it can do fully muting based on the muting pattern as requested without any negative impact especially in the case of dense small cell deployment, which means wrong muting can be avoided. Therefore, it is necessary for the syn source SeNB to get the synchronization acknowledgement from its syn target SeNB. 
For solution b), if SeNB always refuses to do muting, one may suggest that the target eNB can find another syn source eNB. However, it’s not easy to find a more appropriate syn source SeNB without interference based on the following reasons:
If the 1:1 mapping of LRS pattern and stratum level is used, the syn source SeNB and the aggressor SeNB are also very likely with the same stratum level in dense small cell deployment, which means that the LRS pattern of the aggressor SeNB and the LRS pattern of the syn source SeNB would be the same. If the target SeNB finds another syn source SeNB, there are two possible stratum levels of the new syn source SeNB:
a) The stratum level of the new syn source SeNB is larger than the old one

In this case, the synchronization precision obviously decreased which is not preferred.
b) The stratum level of the new syn source SeNB is the same with the old one

The target SeNB chooses another SeNB to be the new syn source SeNB with the same stratum level, which means that the interference from the old aggressor SeNB still exists.
According to the analysis above, it’s difficult for the target SeNB to find a new proper syn source SeNB when LRS pattern and muting pattern are in collision. Therefore, solution 2 is not suitable.
For solution c), if the LRS period of aggressor SeNB is not the maximum value, it can do partial muting when the LRS pattern is in collision with the requested muting pattern. In this case, the actually LRS period of aggressor SeNB is longer than requested, however it will decrease the synchronization accuracy unnecessary especially when the aggressor SeNB has not been chosen as the syn source of any other SeNB.
On the other hand, if the syn target SeNB doesn’t know the change of LRS period, it will still track the LRS with old period and pattern, the synchronization performance will also decline. During the email discussion the common understanding is that a muting reply is needed to tell the syn target cell the muting pattern information. Meanwhile, the LRS period of aggressor SeNB has changed after the muting is performed, it also needs to notify the syn target SeNBs of this aggressor SeNB which can be used to do synchrozation with the new LRS period. 
According to current spec, the way for the syn target SeNBs to acquire the new LRS is sending Time synchronization Info request to the syn source SeNB and getting the reply of it. Usually when the eNB has synchronized with syn source eNB, it will not trigger Time Synchronisation Info request to syn source. Therefore when it will trigger the Time synchronization Info request is quite uncertain, which means that it cannot realize the LRS change immediately compared with muting request/reply, one possible solution is that Time synchronization Info request can be triggered periodically, which will bring lots of unnecessary S1 signalling and it still can not support real time.
In summary, for the aggressor SeNB, it is necessary to get the synchronization acknowledgement from its syn target SeNB. Then it can inform the syn target SeNBs with muting pattern information after muting performed in order to help the synchronisation target SeNBs understand the listening RS pattern used by the synchronisation source.
Proposal1: The eNB needs to know whether itself works as a syn source eNB of any other eNB in order to avoid wrong muting, and the eNB also needs to inform its syn target eNBs with muting pattern information after muting performed in order to help the synchronisation target eNBs understand the listening RS pattern used by the synchronisation source in the case of  partial muting.
2.2 Synchronization acknowledgement procedure
A simple and direct method is the SeNB shall receive a Synchronization source acknowledgement indication information from its syn target SeNB. In other words, after the syn target SeNB selected a syn source cell, it shall send the Synchronization source acknowledgement indication to the source cell. The procedure can be achieved by adding Synchronization source acknowledgement indication to eNB/MME Configuration Transfer message when the SON Information Request IE set to “Synchronization source acknowledgement”.
Considering that there may be more than one cell belongs to the same eNB, so the eNB shall know which cell is the syn source cell of the syn target SeNB precisely. So the syn Source Cell ID shall be included in be Synchronization source acknowledgement indication IE. When the synchronization relationship has changed, the update is needed.
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Figure 3 Synchronization source acknowledgement procedure
Proposal2: The synchronization target cell needs to send the synchronization acknowledgement to the synchronization source cell.
After acquiring the Synchronization source acknowledgement information, as the example above, the aggressor SeNB can know which cells are listening to itself, if it changes the LRS pattern due to partial muting, it shall inform the syn target cells of itself. A suggested procedure can be achieved by adding Muting Pattern Information to eNB/MME Configuration Transfer message when the SON Information Request IE set to “Muting Pattern Information”, as shown in Figure 4.
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Figure 4 muting pattern notifying procedure
Proposal3: The synchronization source cell needs to send the muting pattern information to the synchronization target cell when it changes the LRS pattern due to partial muting.
3 Conclusion

According to the above analysis, our views on the necessity of synchronization acknowledgement procedure are provided. 
Observation1：If the eNB does fully muting in all the LRS subframes, it can not work as the synchronization source any more.

Observation2：In order to ensure the synchronization performance, how to avoid wrong muting shall be solved.
We propose:

Proposal1: The eNB needs to know whether itself works as a syn source eNB of any other eNB in order to avoid wrong muting, and the eNB also needs to inform its syn target eNBs with muting pattern information after muting performed in order to help the synchronisation target eNBs understand the listening RS pattern used by the synchronisation source in the case of  partial muting.
Proposal2: The synchronization target cell needs to send the synchronization acknowledgement to the synchronization source cell.

Proposal3: The synchronization source cell needs to send the muting pattern information to the synchronization target cell when it changes the LRS pattern due to partial muting.
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