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1. Introduction
In RAN2#84 meeting, random access procedures for dual connectivity was discussed and an LS was sent to RAN1 informing the following agreements [1]:

· RAN2 intends to support Contention Based Random Access for the Secondary eNB

· RAN2 agreed that the UE receives Msg2 from the eNB to which the preamble was sent.

· With regarding to parallel Random Access procedures, one for Master eNB and the other for Secondary eNB, RAN2 agreed that it is supported if the two preamble transmissions are not overlapping. However RAN2 has not concluded for the other case, i.e. when the two preamble transmissions are overlapping. RAN2 would like to ask RAN1 whether it is feasible to support parallel preamble transmissions, one for Master eNB RACH and the other for Secondary eNB RACH.
In the LS, RAN2 has specifically asked RAN1 “whether it is feasible to support parallel preamble transmissions, one for MeNB RACH and the other for SeNB RACH”. In this contribution, we provide our analysis and views on the feasibility to support parallel preamble transmissions for dual connectivity.
2. Parallel preamble transmissions
The main purpose of Random Access (RA) procedure in LTE is for a UE to obtain UL synchronisation with the communicating eNB(s) for RRC connection (re)establishment, or during system handover, or just simply loss of UL sync due to mobility. This requires UE to either autonomously (contention based RA) or based on a PDCCH order from eNB (contention free based RA) to transmit a PRACH preamble with a higher layer set PREAMBLE_RECEIVED_TARGET_POWER in the configured UL carriers and subframes for the intended serving cells. Up on receiving UE transmitted preamble, the eNB then provide a Random Access response (RAR) to the UE within a certain timing window according to the RA procedure detailed in [4]. This predetermined timing window (ra-ResponseWindowSize) is configurable by higher layer [3] and it has a size of 2, 3, 4, 5, 6, 7, 8, or 10ms. Additionally, a part of the RAR response is to be provided via the PDCCH CSS with CRC of the DCI format scrambled by RA-RNTI which can be derived based on the preamble transmission subframe index and frequency index. In the event that UE does not receive a valid RAR within the RA response window, power ramping may be applied to the next preamble transmission with a randomly backoff timing selected by the UE [4].
In most cases, for example RRC connection (re)establishment or during system handover or activating a SCell, UE only needs to engage in a single RA procedure. In carrier aggregation for a UE that is configured with multiple TAGs, RA procedure for an SCell can only be initiated by a PDCCH order [4]. This means, the eNB always control the timing for which UE needs to send PRACH preamble and thus parallel preamble transmissions can be avoided. Furthermore, if no valid RAR is received for a PRACH preamble sent on a SCell within the response window, the UE shall consider the RA procedure unsuccessfully completed [4]. And hence the UE does not enter into a selection of random backoff timing for the next preamble transmission and would never have collision of parallel PRACH preamble transmissions among the CA cells. It is for this reason until now, RAN1 did not need to specify any UE behaviour to account for parallel PRACH transmissions (e.g. Section 5.1.1.1 and possibly 5.1.1.2 in [2]).
PRACH preamble transmission timings between CA cells are easy to coordinate because of ideal backhaul signalling assumption. Coordination of PRACH configurations between cells in intra-eNB CA can also be easily done. However, the non-ideal backhaul signalling between the MeNB and SeNB in dual connectivity can be very difficult to achieve timely coordination. Therefore, parallel preamble transmissions towards MeNB and SeNB could happen, especially when RA procedures are initiated by PDCCH orders. Otherwise the UE can by itself can avoid the parallel preambles. Please note, parallel RA procedures does not necessarily means parallel preamble transmissions, but the parallel preambles could happen when both PRACH configurations have overlapping system frame number, subframe number, and PDCCH orders are sent in the same subframe or UE selected random backoff timing after expiration of RA response window coincide to the same UL subframe(s). It is therefore, in our opinion, a very “rare” case that parallel preamble transmissions could happen in dual connectivity. Furthermore, the UE would need to have loss UL sync to both eNBs at the same time for parallel preamble transmission to happen.
Observation 1: It is a very rare case for a UE has to send parallel preambles (one for each eNB) in dual connectivity. Both PRACH configurations will need to have overlapping system frame number, subframe number, and PDCCH orders are sent in the same subframe or UE selected random backoff timing after expiration of RA response window coincide to the same UL subframe(s). 
Specification impacts
To allow parallel preamble transmissions to account for the above mentioned “rare” case, new UE behaviour(s) as indicated earlier would need to be specified in RAN1 (e.g. TS36.213 Section 5.1.1.1 UL power control and possibly Section 5.1.1.2 PHR). This could be in terms of power scaling between the PRACH preambles when the total transmission power exceeds PCMAX or setting prioritisation between them or some other schemes. Additional signalling may be involved.
Observation 2: RAN1 specification effort seems significant in order to support the rare case of parallel preamble transmission. A few different approaches are foreseen and each could have different specification impacts. Further studies are needed if decide to support parallel preamble transmissions in dual connectivity.

One the other hand, it is possible not to allow or avoid parallel preamble transmissions from the UE. There are a few options:

· Option 1: The current X2 Setup Request and Response messages in X2AP is able to indicate the PRACH resources used in neighbour cell as part of served cell information over the X2 signalling (36.423 Section 9.2.50):
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By utilising this X2 information exchange from the MeNB to SeNB, namely the PRACH-ConfigurationIndex parameter, SeNB will be able to initiate if necessary re-configuration of PRACH configuration in its own serving cell to avoid overlapping PRACH resources in the time domain.
As such, the current RAN3 X2 signalling mechanism is sufficient to avoid overlapping PRACH resources. Additionally, the PRACH-Configuration information can be exchanged not only in the X2 setup but also after the X2 have been established. X2AP has a signaling message which is “ENB CONFIGURATION UPDATE” message that can be sent if anytime an eNB want to reconfigure its configuration and let its peer know.
Another benefit of this option is that it would not impose any restriction on the timing on which the UE can transmit PRACH preambles toward MeNB and SeNB to avoid overlapping transmissions in the contention based RA. Specification impact: None.
· Option 2: The current RAN2 MAC protocol specification [4] has a following note:
	NOTE:      There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.


As RAN2 has already agreed to support parallel Random Access procedures for dual connectivity, a similar note could be added (or modify the above existing note) that it is up to UE implementation to drop one RA procedure when overlapping preamble transmission occurs or when the total transmission power exceeds [image: image2.png]Poaax @)



. Impact (RAN2): the above note should be modified or adding a similar note to drop one RA procedure when overlapping preamble transmission occurs or when the total transmission power exceeds [image: image3.png]Poaax @)



.
· Option 3: Avoidance of parallel preamble transmissions by introducing a new UE behaviour to allow different delay in the preamble transmission timing for one of the eNBs. Specification change (RAN1 36.213 Sec. 6.1.1): specify new transmission timing for one of the preambles can be delayed to the next available PRACH resource after n+k2.
Observation 3: Depending on the option selected to avoid parallel preamble transmission, specification impact may involve different RAN WGs. Overall, in our opinion, the required changes are not significant.
3. Conclusion 

In this contribution, we provided our analysis on the parallel preamble transmissions in dual connectivity and specification impacts that would be required if parallel preamble is allowed. Additionally, different options are also looked into on how to avoid the parallel preambles and their corresponding specification impacts are also included.
In summary, we made the following observations:

Observation 1: It is a very rare case for a UE has to send parallel preambles (one for each eNB) in dual connectivity. Both PRACH configurations will need to have overlapping system frame number, subframe number, and PDCCH orders are sent in the same subframe or UE selected random backoff timing after expiration of RA response window coincide to the same UL subframe(s). 

Observation 2: RAN1 specification effort seems significant in order to support the rare case of parallel preamble transmission. A few different approaches are foreseen and each could have different specification impacts. Further studies are needed if decide to support parallel preamble transmissions in dual connectivity.

Observation 3: Depending on the option selected to avoid parallel preamble transmission, specification impact may involve different RAN WGs. Overall, in our opinion, the required changes are not significant.

In conclusion, the amount of effort required in RAN1 to specify new UE behaviour(s) does not seem to be well justified to support the “rare” case of parallel preamble transmissions that might happen in dual connectivity. It is proposed to select one of the options listed in this contribution to prevent or not to allow UE from transmitting parallel preambles.
A draft response LS template is shown in the Annex section below. Final details can be updated once RAN1 has reached a conclusion.
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1. Overall Description:

RAN1 would like to thank RAN2 for their LS in R2-134603 (R1-140006) on Random Access procedure aspects in the context of dual connectivity. RAN1 has discussed about the question raised in the LS on the feasibility to support parallel preamble transmissions and would like to inform RAN2 [and RAN3] of the following conclusions.
RAN1 considers the occurrence of parallel PRACH preamble transmission in dual connectivity is possible, but rare. If parallel preamble is to be supported, a fair amount of standards effort is required in RAN1 to define new UE behavior(s). Therefore, it is not preferable to support parallel preamble transmissions when UE is operating in dual connectivity.
In order to prevent UE from transmitting parallel preambles, RAN1 has a view that the existing X2 Setup Request and Response messages in TS36.423 is sufficient for the eNBs to coordinate PRACH configurations to avoid overlapping PRACH resources in the time domain.
2. Actions:

To RAN WG2:

ACTION: 
RAN1 respectfully asks RAN2 [and RAN3] to take the above RAN1 conclusions into account in the future work for dual connectivity.
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