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Discussion and decision
1 Introduction

In RAN#70, a new work item is approved to complete UL access scheme in addition to the already defined DL access scheme for LAA SCell:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution, the impact to the RACH procedure are discussed:
· Impact on Msg1 and Msg3 of the RACH procedure

· UE LBT impact to RACH procedure
2 Discussion

2.1 Impact on Msg1 and Msg3 of the RACH procedure 

In the last RAN 1 meeting, RAN 1 agreed that contention free random access procedure is supported for LAA SCell. The main purpose of performing PRACH is to be able to perform timing alignment separately to the PCell (i.e. support of multiple timing alignment (MTA) for UL LAA SCell). 
2.1.1 Sending of PDCCH order

In MTA, PDCCH order is sent by the scheduling cell of the activated SCell to initiate the PRACH. 
For LAA SCell, it has been agreed in Rel-13 for the DL LAA SCell that a UE is not expected to be configured with an unlicensed carrier to schedule another unlicensed carrier or licensed carrier as follows: 
· “A UE is not expected to be configured with an unlicensed carrier to schedule another unlicensed carrier or licensed carrier”
If this is extended to UL, the scheduling cell of the activated UL LAA SCell has to be from a PCell licensed SCell or the associated DL LAA SCell . In the case that it is cross carrier scheduled from a licensed PCell or SCell, the benefit is that it will save on the need of eNB LBT and also latency associated with it. 
Observation: PDCCH order can be sent by the scheduling cell of the activated LAA SCell where the PRACH is to be performed as per legacy except that the scheduling cell for the UL can only be licensed serving cell if cross-carrier scheduling is used as per the Rel-13 LAA agreement.

2.1.2 Sending of the RAR
In MTA, RAR for the SCell is sent over the PCell as the UE does not decode CSS of the SCell. The same RA-RNTI is shared between the SCell and PCell. In order to avoid RA-RNTI collision, the PRACH resources (in terms of time and frequency resources) of the SCells and the PCell are coordinated. 
With the large number of LAA SCell, such coordination of the PRACH resources may not be feasible. It is our understanding that RAN 1 has agreed that UE supporting Rel-13 LAA feature should always decode CSS of LAA SCell as the UE will have to decode the CSS of the LAA SCell for the common PDCCH.

· Even if UE is configured with cross-carrier scheduling, it should detect the common PDCCH on unlicensed carrier

With this, such coordination may not be necessary if the UE always has to decode the CSS of the LAA SCell which could help offload from the PCell. Even though sending on RAR on the LAA SCell may result in delay in receiving the RAR by the UE due to LBT, we believe it is beneficial from not having to coordinate the PRACH resource among the licensed serving cells and the LAA SCells. A summary of the pros and cons:
	
	Pros
	Cons

	RAR over PCell as in legacy
	No delay due to LBT
	Require coordination of the PRACH resources to ensure no RA-RNTI collision.
Increase the PDCCH load over PCell with large number of LAA SCells, particularly for CA scenario 4.

	RAR over LAA SCell
	No need to coordinate the PRACH resources among PCell and the LAA SCells
Distribute the PDCCH load among the LAA SCells instead of just over PCell.
	Possible delay due to LBT


From the above summary, it is proposed that RAR can be sent on the DL of an activated LAA SCell.
Proposal#2: RAR can be sent on the DL of an activated LAA SCell where the PRACH is to be initiated on the UL of the LAA SCell.
If both options are to be allowed, the configuration on where to receive the RAR can be semi-statically configured from the RRC or dynamically indicated in the PDCCH order. In order to benefit from not having to coordinate the PRACH resources between the PCell and the LAA SCells, it is sufficient that the configuration is semi-statically configured.
Proposal#3: The configuration on where to receive the RAR is semi-statically configured by dedicated RRC signalling.

2.2 Impact due to UE LBT
Due to UE LBT, UE may not be able to transmit preamble. In this case, it would be beneficial for UE physical layer to inform MAC that UE has failed LBT to transmit preamble so that the UE MAC maintains TX power (i.e. no power ramping by not incrementing of the attempt counter)
Proposal#4: When UE LBT fails, the UE MAC maintains TX power i.e. no power ramping by not incrementing the attempt counter)
Due to eNB LBT, eNB may not be able to transmit the RAR within the configured raResponseWindow. Current maximum value is 10ms. This may not provide sufficient opportunities to schedule the RAR depending on the LBT use for RAR transmission and the raResponseWindow may need to be extended. If raResponseWindow is extended more than 10ms, there will be a need to update the RA-RNTI calculation to include the possible overlap of the RA window.
Proposal#5: raResponseWindow needs to be extended due to eNB LBT. RA-RNTI calculation will need to be modified.
Msg3 transmission will be sent on UL SCH and should have the similar impact as for the general case of UL SCH. If the UE fails LBT and cannot send uplink data, the UE should keep the generated Msg3 in the corresponding Msg3 HARQ buffer and wait for next retransmission opportunity. The eNB should send another Msg3 grant for retransmission.
Proposal#6: The UE keeps the generated Msg3 in Msg3 HARQ buffer and wait for the Msg3 UL grant for the next retransmission if UE fails LBT for Msg3 transmission.  
The MAC resolution timer has to be configured appropriately to take into consideration of the delay incurred by eNB LBT.
3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Observation: PDCCH order can be sent by the scheduling cell of the activated LAA SCell where the PRACH is to be performed as per legacy except that the scheduling cell for the UL can only be licensed serving cell if cross-carrier scheduling is used as per the Rel-13 LAA agreement.

Proposal#2: RAR can be sent on the PCell as in MTA and on the DL of an activated LAA SCell where the PRACH is to be initiated on the UL of the LAA SCell.

Proposal#3: The configuration on where to receive the RAR is semi-statically configured by dedicated RRC signalling.

Proposal#4: When UE LBT fails, the UE MAC maintains TX power i.e. no power ramping by not incrementing the attempt counter)
Proposal#5: raResponseWindow may need to be extended due to eNB LBT. RA-RNTI calculation will need to be modified.

Proposal#6: The UE keeps the generated Msg3 in Msg3 HARQ buffer and wait for the Msg3 UL grant for the next retransmission if UE fails LBT for Msg3 transmission.  
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