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Discussion/Decision 
1 Introduction
In RAN2 #77bis meeting, agreements on RACH procedure and Msg2 location were captured as below.
	1
Msg2 is scheduled via the RA-RNTI on PCell without RA-RNTI offset and without C-RNTI checking.
2
Preamble coordination is up to the network.


According to the agreements, the avoidance of RAR ambiguity will rely on preamble coordination. The so called preamble coordination is the mechanism to partition preamble code pool and assign appropriate preamble to avoid collision among CCs or parallel CFRA (contention free random access) and CBRA (contention based random access). In this paper, we examine the possible cases under different coordination alternatives and proposed to discuss and decide whether RAR ambiguity can be avoided in all cases or additional mechanism is needed.
2 Discussion
Before examining possible cases under preamble coordination, we’d like to first confirm current operations on preamble code pool partition and preamble code assignment, through couple observations.
Preamble Code Pool Partition:

In LTE/LTE-A specification, preamble code pool partition is specified by numberOfRA-Preambles in RACH-ConfigCommon IE. The value would indicate how many non-dedicated random access preambles were configured in the cell. When the configured value is identical in two cells, it means that the preamble code pool of the two cells is aligned. If the preamble code pool is not aligned, some of the preamble codes would be dedicated at one cell but non-dedicated at another cell. 
Fig. 1 is an example for non-aligned preamble code pool across multiple cells. According to their respective setting of numberOfRA-Preambles, preamble #50 is non-dedicated at RRH1 but dedicated at eNB1 and RRH2. 
In general, the required number of dedicated preamble of a cell depends on its loading, which is further related to its coverage. Since component carriers (CCs) could be on different band and have different coverage, to have the same preamble code pool for all CCs means the setting of numberOfRA-Preambles might need to align with the worst case always. In addition, if reconfiguration of the preamble code pool of one CC is required, all coordinating CCs have to perform the same reconfiguration. Therefore, we can conclude while it is advantageous to align preamble code pool, the cost is inefficient code usage and extra signaling overhead due to maintaining the alignment.

[image: image1.emf]eNB1 RRH1

RRH2

Preamble #0

Preamble #63

numberOfRApreamble

=56

numberOfRApreamble

=40

numberOfRApreamble

=48

Preamble #50


Fig.1 Preamble code pool partition

Observation 1:
When numberOfRA-Preambles value is not the same among all coordinating CCs, part of preamble codes would be dedicated at one CC but non-dedicated at another CC.
Observation 2:
Due to different coverage size, required dedicated preamble code size may be different among coordinating CCs. To align preamble code pool could result in inefficient code usage and extra signaling overhead due to maintaining the alignment.
Preamble Code Assignment:

When CFRA is triggered by a PDCCH order, ra-PRACH-MaskIndex and ra-PreambleIndex would be explicitly signaled. If dedicated preamble codes are sufficient, an eNB is able to assign non-overlapping ra-PreambleIndex for CFRA on coordinating CCs. Oppositely, if non-overlapping dedicated preamble codes are not available, parallel CFRA is not possible, and it is left to eNB implementation to decided the sequence of CFRA on respective CCs, i.e. whether to prioritize the CFRA of a CC. It is noted that CBRA would not be supported on SCell and eNB could not set ra-PreambleIndex to ‘000000’, therefore, it is not possible for UE MAC to randomly select a non-dedicated preamble code for a SCell. As a result, eNB implementation shall make sure no RAR ambiguity when more than two CFRAs are performed in parallel.
Observation 3:
eNB implementation can avoid RAR ambiguity when two CFRA are performed in parallel.

To examine all cases, an example is used where CC#1 is PCell for UE#1 and UE#2; CC#2 is SCell for UE#2. There were four possible cases:
1) Preamble code pool is aligned, UE#1 performs CFRA on CC#1, UE#2 performs CFRA on CC#2
2) Preamble code pool is aligned, UE#1 performs CBRA on CC#1, UE#2 performs CFRA on CC#2

3) Preamble code pool is not aligned, UE#1 performs CFRA on CC#1, UE#2 performs CFRA on CC#2

4) Preamble code pool is not aligned, UE#1 performs CBRA on CC#1, UE#2 performs CFRA on CC#2

For case 1) and 3), eNB may carefully assign ra-PreambleIndex for those two CFRAs. If different preamble code is used, UE#1 and UE#2 would have respective RAPIDs and corresponding RAR on CC#1 could be distinguished even the two UEs have the same RA-RNTI. 
For case 2), since the code pool is aligned, preamble code randomly selected by UE#1 would not be the same as the preamble code used by UE#2, therefore, no RAR ambiguity problem is expected. 

In case 4), UE#1 and UE#2 have chance to send the same preamble since the preamble code pool is not aligned. Furthermore, if the two UEs have same RA-RNTI, there is RAR ambiguity on CC#1. Please note that eNB knows whether the received preamble is dedicated or not at respective CC. Then, there are two options could be adopted for responding TAC:
Option 1) eNB response to CBRA: 


UE#1 would perform RAR reception as specified in [1] while contention resolution is further ascertained the successful reception. The eNB would acknowledge Msg3 from UE#1 and RA could be successful for UE#1. On the other hand, UE#2 would also treat its RAR reception successful. Since the uplink synchronization may be wrong, eNB needs to send another PDCCH order to UE#2 to adjust the UL timing. If the difference is not so big, MAC CE TA Command could be used. eNB has to need to avoid UL scheduling before the UL timing is valid.
Option 2) eNB response to CFRA: 
As shown in Fig.2, UE#1 would perform contention resolution and eNB may always NACK Msg3 or eNB is unable to receive Msg3 (because of wrong TA). As a result, RA is failed in the end and UE#1 has to trigger another RA procedure. Comparing to option1, UE#2 could get correct UL timing and ready for UL scheduling on CC#2.
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Fig.2 Example of eNB giving TAC for CFRA while RAR ambiguity between CBRA and CFRA

Comparing the two options, CBRA naturally has contention resolution mechanism to resolve preamble collision. Besides, CBRA always been seen as delay-tolerant RA process. Therefore option 2 is much preferred while no additional signaling is required and the purpose of employing CFBA could be still maintained.
Observation 4:
From MAC point of view, current procedure can still work even when RAR ambiguity occurrs between CFRA and CBRA. The cost is one of the RA procedure may be delayed or failed.
In addition to preamble coordination, cell-specific PRACH resource coordination could be an alternative solution from eNB implementation point of view. It means eNB may configure non-overlapping PRACH resources among different CCs (i.e. assigning PRACH Configuration index smartly). With such configurations, UE would be associated with separate RA-RNTI on respective CC and RAR ambiguity could be also avoided in advance just like preamble coordination.
Observation 5:
PRACH resource coordination should be considered as an alternative solution to avoid RAR ambiguity.

If RAR ambiguity is unavoidable, it is possible to improve the performance with minor modification of current spec. For example, an implicit indication (e.g. assign invalid Temporary C-RNTI on RAR content field) could be used to indicate the RAR is used for CFRA and CBRA can have a quick restart.

Observation 6:
If RAR ambiguity is unavoidable, it is possible to improve the performance with minor spec modification.
3 Conclusion
In this document, we further discussed preamble coordination. RAN2 is suggested to discuss and confirm following observations and make decision on the proposals.
Observation 1:
When numberOfRA-Preambles value is not the same among all coordinating CCs, part of preamble codes would be dedicated at one CC but non-dedicated at another CC.

Observation 2:
Due to different coverage size, required dedicated preamble code size may be different among coordinating CCs. To align preamble code pool could result in inefficient code usage and extra signaling overhead due to maintaining the alignment.

Observation 3:
eNB implementation can avoid RAR ambiguity when two CFRA are performed in parallel.

Observation 4:
From MAC point of view, current procedure can still work even when RAR ambiguity occurrs between CFRA and CBRA. The cost is one of the RA procedure may be delayed or failed.

Observation 5:
PRACH resource coordination should be considered as an alternative solution to avoid RAR ambiguity.

Observation 6:
If RAR ambiguity is unavoidable, it is possible to improve the performance with minor spec modification.

Proposal 1:
RAN2 is suggested to confirm Observations 1-5.
Proposal 2:
RAN2 is suggested to consider whether improvement is needed for the case that RAR ambiguity is unavoidable.
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