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1. Introduction
With the increasing traffic demand in the wireless communication system, additional frequencies are needed to improve user experience by providing better QoS, e.g., better throughput.  The use of unlicensed spectrum by cellular operators is one of the options available to improve QoS.  In RAN#65, a new Study Item on Licensed-Assisted Access (LAA) using LTE was approved [1].  In reaction to the new SI approval, RAN1 studied PHY layer options in RAN1#78bis/#79 and reached following agreements [2] [3].



[image: image1.emf]Agreements:   •   Target a single global framework for LAA   •   List at least the following as identified functionalities   required to meet regulatory  requirements in some regions/bands   for an LAA system in TR     –   Listen - before - talk  (Clear channel assessment)   –   Discontinuous transmission  on a carrier  with limited maximum transmission duration   –   Dynamic frequency selection  for radar avoidance in certain bands/regions   –   Carrier selection   –   TPC   *Note:   not all functionalities may have a spec impact.   *Note: not all functionalities   would be mandatory for all LAA eNBs/UEs  

 


Although RAN1 has yet to resolve all the PHY layer issues, it may be difficult for RAN2 to wait until all PHY layer issues are resolved since the SI is scheduled to close at the June plenary meeting.  In order to prevent the potential of increased work load towards the end of the SI phase, it is suggested that some issues may be addressed earlier in RAN2.  In particular, the potential issue with HARQ retransmissions should be considered by RAN2 at this stage of the SI.
2. Discussion
One of the biggest differences between the licensed band and the unlicensed band is that for the unlicensed band the eNB is not allowed to use the spectrum exclusively.  The unlicensed band is often shared by different radio systems and/or different networks.  Listen-before-talk (Clear channel assessment) is an example of a mandatory function for some countries/regions’ regulations that should also be applied to LTE systems operating on the unlicensed band.  The UE or the eNB must refrain from transmissions until the channel is clear of any other transmissions. 
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Figure 1: Target Scenario for LAA
Potential HARQ issue for LAA operation

Due to the transmission restriction on the unlicensed band, there is a possibility that a LAA cell can’t retransmit data over the same unlicensed channel previously sent.  Due to this restriction, HARQ ACK/NACK transmissions and the corresponding retransmissions may need to be modified for the LAA burst transmissions. If the existing Carrier Aggregation (CA) HARQ mechanism is applied to LAA operation, the ACK/NACK for the SCell’s transmissions on the PDSCH would be transmitted on the PCell.  And the eNB is expected to send retransmissions over the unlicensed channel in the case NACK are received.  However if the channel is busy then the retransmissions are not possible.  Since RAN1 has yet to specify any special operation for LAA, the Rel-12 CA should be considered as a baseline operation at least for now.  Therefore, RAN2 should also assume the existing RLC/MAC specifications are used as the baseline operation.  According to the existing mechanism, it’s expected that the eNB will try to send the missing packet over the licensed band using RLC retransmission function.  However, since RLC retransmissions are much slower than MAC retransmissions, latency may be substantially increased.  In addition, HARQ soft combining gain is vanished.  Since this condition may occur frequently within an LAA system, RAN2 should consider how the eNB can achieve efficient retransmissions under the incomplete HARQ processes.
Similar to PDSCH retransmissions, the ACK/NACK for PUSCH on the SCell in the unlicensed spectrum should also be considered if the unlicensed spectrum is used for UL data transmissions.  Since access to the unlicensed spectrum is not guaranteed, the eNB may not be able to follow PUSCH retransmission procedures.  Only synchronous HARQ scheme is supported by the existing UL HARQ operation which may not be sufficient for the UL data retransmissions.  Therefore, RAN2 should also study whether a new HARQ process is needed to support the UL data retransmissions.
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Figure 2: Issue of PDSCH retransmission
Proposal 1: RAN2 should consider how the eNB can achieve efficient retransmissions under the incomplete HARQ processes.
Potential solution for DL retransmission
If the eNB cannot use the unlicensed channel for a certain period of time, it should be an option for the eNB to retransmit the failed data over the licensed channel or over another unlicensed channel.  It would be beneficial if the retransmissions can be sent over another available unlicensed channel to free up the resources on the licensed channel.  Since the spectrum of the unlicensed spectrum may be sufficiently large, the eNB should have the option to perform carrier sensing continuously in the background while switching carrier dynamically.  If eNB detects a carrier that is not busy for a certain time, HARQ retransmissions should be allowed on the non-busy unlicensed channel.  However, further study is needed to determine what impact this may have on both the UE and the eNB.  For example, such a procedure would likely require increased signalling to support retransmission on other unlicensed carriers.
Proposal 2: RAN2 should consider if DL retransmissions over a licensed carrier or over another unlicensed channel is allowed in case the eNB cannot use the unlicensed channel for a long period of time.
3. Conclusion 
In this contribution, we discuss the potential HARQ issue corresponding to the DL transmission in unlicensed spectrum. We have following proposals;

Proposal 1: RAN2 should consider how the eNB can achieve efficient retransmissions under the incomplete HARQ processes.

Proposal 2: RAN2 should consider if DL retransmissions over a licensed carrier or over another unlicensed channel is allowed in case the eNB cannot use the unlicensed channel for a long period of time.
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		Agreements:

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· TPC

*Note: not all functionalities may have a spec impact.

*Note: not all functionalities would be mandatory for all LAA eNBs/UEs








		Agreements:

· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band

· RRM measurement including cell identification

· AGC setting

· Coarse synchronization

· Fine frequency/time estimation for at least demodulation

· CSI measurement, including channel and interference

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification

· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions

· FFS: if the DFS for radar avoidance is needed to be supported in the UE
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