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1 Introduction

In the RAN WG2 meeting #89 in Athens, an LS was received from RAN2 to RAN1&RAN4 [1], which states the downlink HARQ transmission as: 
· Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact).
The discussion and suggestion from RAN2 were mainly based on the additional complexity point of view. In this contribution, the analysis of LAA downlink HARQ processes are mainly from performance perspective.
2 Overview of HARQ mechanism in CA
ARQ&HARQ in LTE system

ARQ and HARQ functionalities are included in LTE. The ARQ functionality is within the RLC sublayer and retransmits RLC PDUs or RLC PDU segments based on RLC status reports. Through ARQ retransmissions at Layer-2, erroneous transmissions can gain more opportunity to be recovered. The HARQ functionality ensures delivery between peer entities at Layer-1 and performs transport blocks transmission and retransmission by N parallel Stop-And-Wait processes. In the downlink, asynchronous adaptive HARQ is used. The DCI contains the HARQ process number for the resources blocks and whether it is a transmission or retransmission. In the uplink, synchronous HARQ is used. PDCCH can schedule an initial transmission or a retransmission at the UE side. Besides, without PDCCH signalling, the HARQ feedback by NACK indication can also schedule a non-adaptive retransmission at the UE side. 
Overall, ARQ can increase the reliability of a given link by retransmitting the lost PDUs. Since robust channel coding is used in the ARQ operation and retransmission is based on RLC status reports, it is more suited to error-sensitive and delay-tolerant services. For HARQ, the retransmission is based on the physical layer scheduling and retransmission latency is controllable. Therefore the HARQ operation fits for the services for which low latency is needed.
HARQ mechanism for carrier aggregation in LTE system

For carrier aggregation (CA), the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell [2];

· In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per TTI per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.
For the HARQ transmission indication when CA is configured, cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions [2]:

-
Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;

-
When the PDCCH of an SCell is configured, cross-carrier scheduling does not apply to this SCell i.e. it is always scheduled via its PDCCH;

-
When the PDCCH of an SCell is not configured, cross-carrier scheduling applies and this SCell is always scheduled via the PDCCH of one other serving cell.
In summary, when CA is configured, there is one independent hybrid-ARQ entity per serving cell and each transport block and its potential HARQ retransmissions are mapped to a single serving cell. Either self-carrier scheduling or cross-carrier scheduling is preconfigured for HARQ transmission indication in one serving cell.
3 HARQ processing in LAA system
For the LAA system, it is assumed one or more SCells operate in unlicensed spectrum. According to the design targets of LAA system, some functionality such as Listen-before-talk (LBT), discontinuous transmission on a carrier with limited maximum transmission duration, carrier selection, have been identified to be required. As a result, the channel occupancy of SCell in the unlicensed spectrum is opportunistic and not continuous, which can be problematic for its HARQ processes. 
With the current mechanism, one DL HARQ process retransmission will be expected when the transmission fails as long as the maximum number of retransmissions is not reached. HARQ combining for the transport block(s) in the HARQ process will be performed after the retransmission is received. With the HARQ mechanism for current carrier aggregation one DL HARQ process is retransmitted through the same cell in which the HARQ process initial transmission is operated. However, if the SCell operates in unlicensed spectrum, the channel availability is uncertain for the retransmission instance due to the LBT results, the restriction of limited maximum transmission duration, carrier selection results, or other factors. As an example in the Fig.1 below, the eNodeB transmits an initial HARQ process at subframe n on the SCell in the unlicensed spectrum. After a NACK response for this process is received, the eNodeB can retransmit this HARQ process to the UE at subframe n+9. However, the LBT result may declare subframe n+9 is unavailable for that SCell, or the eNodeB has to stop occupying the channel for that SCell due to reaching the maximum allowed channel occupancy time, or another Scell is more suitable for data transmission according to the results from carrier selection procedure. 
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Fig.1 An example of HARQ transmission in LAA system
When the SCell on the unlicensed spectrum is unavailable at one HARQ process retransmission instance, three alternatives can be considered to accomplish the retransmission:
Alternative 1: Try HARQ retransmission until the channel on the SCell is available again
In the unlicensed spectrum, the time delay between two channel occupancy opportunities is quite uncontrollable due to the unpredictable channel condition in the unlicensed spectrum. In particular, one UL process retransmission has to be operated at certain subframe with the synchronized HARQ assumption. Only when the channel on the SCell is available at the certain subframes the process retransmission can be accomplished. As a result, operating the HARQ retransmission until the channel on the SCell is available again will make the data transmission delay uncontrollable. Especially for the dense deployment scenarios with heavy traffic load, it is quite possible that the channel would be occupied only after a long period of time. 

Therefore, alternative 1 would not be preferred considering the latency requirement of the service/data traffic taken by HARQ is uncontrollable.
Observation 1: Operating the HARQ retransmission until the channel on the SCell is available again will make the data transmission delay uncontrollable and would not be preferred.
Alternative 2: Give up the HARQ retransmission and rely only on RLC retransmissions

This alternative is aligned with RAN2 suggestion, with minimal or no standard effort. 
In the current LTE system, the target error probability of one HARQ process initial transmission is about 10%. For the failed 10% HARQ process initial transmission, 90% of them would be corrected with one retransmission even though the HARQ combination gain is not considered. Considering it is possible that some of the failed retransmitted HARQ process can be further corrected through HARQ combining with the corresponding initial transmission, most of the failed initial HARQ process transmission could be corrected through retransmission. 
On the other hand, according to [5] it is assumed that some UEs are not able to process TB for the same HARQ process within HARQ RTT Timer value. Therefore, one DL HARQ process retransmission is at least 8ms later than the previous transmission. Since the maximum channel occupancy time is 13ms and 10ms for the LBE and FBE based equipment respectively in Europe [4] and 4ms in Japan, the probability that the SCell on the unlicensed spectrum be unavailable at one HARQ process retransmission moment would be high. In particular, it is quite possible that the channel would be occupied by other equipments in the dense deployment scenarios at the required retransmission moment. Then if the maximum channel occupancy time is N subframes, only when the initial HARQ process transmission is at the first N-8 subframes the 1st retransmission can be operated during this period of channel occupancy. Then 80% and 62% of failed initial transmission would have no chance to be transmitted for N=10 and N=13 respectively during this period of channel occupancy. While for the case of N=4 in Japan, the probability is 100%.
Therefore, the performance gain provided by the HARQ retransmission is considerable and more considerations are needed before giving it up.
Observation 2: Performance gain provided by the HARQ retransmission is evident from previous release discussions and the probability of the SCell on the unlicensed spectrum being unavailable at one HARQ process retransmission moment is high.
The initial reason for having two-level retransmission structure in LTE is to achieve both fast and reliable transmission. The HARQ can provide fast retransmission for low latency data services whereas ARQ is responsible for reliability. Therefore, RLC retransmission to correct a physical layer failed HARQ process transmission would introduce transmission delay to the data service.  In addition, always triggering a RLC retransmission once a physical layer failed transmission occurs may cause some unnecessary segments retransmission which is inefficient. 
Observation 3: Relying only on RLC retransmission to correct a failed physical layer HARQ process transmission will cause latency and inefficiency to the transmission. 
In addition, Alternative 2 will result in variation among the maximum number of HARQ retransmissions that may be allowed/experienced by individual RLC PDU of the same radio bearer, if some packets are transmitted over licensed spectrum and some packets utilizes unlicensed spectrum. The variation will pose challenges to the proper configuration of RLC t-Reordering value, and consequently will lead to either delayed or premature/false detection of missing RLC PDUs. For example, assume up to 5 HARQ retransmission attempts may be allowed for a MAC TB, then RLC t-Reordering timer may be set as 5x8ms=40ms. An RLC status report will be triggered upon the expiry of RLC t-Reordering timer to report a lost packet, and the packet will be retransmitted at RLC level. However, if no HARQ retransmission is possible due to maximum channel occupancy restriction as in the earlier example, an optimized RLC t-Reordering timer value should be set as 8ms. If the timer value is still set as 40ms, RLC receiving entity will waste 32ms before identifying a missing packet which is transmitted over unlicensed carrier initially. If the timer value is set as 8ms, RLC receiving entity will prematurely/falsely declare some packets as missing packets even if those packets are under HARQ retransmission over licensed carrier, and will result in unnecessary RLC retransmissions. Therefore, such drawback will degrade the throughput performance.
Observation 4: By relying only on RLC retransmission to correct failed physical layer HARQ process in the unlicensed spectrum, the mixed utilization of radio resources of licensed and unlicensed carrier for a radio bearer would lead to either delayed or premature/false detection of missing RLC PDUs.
In summary, it is proposed to consider retaining the HARQ retransmission for the failed transmission in the unlicensed spectrum considering the data transmission performance, latency and efficiency.
Proposal 1: It is proposed to consider retaining the HARQ retransmission for the failed transmission in the unlicensed spectrum considering the data transmission performance, latency and efficiency.
Alternative 3: HARQ retransmission to another available carrier

When one HARQ process retransmission cannot continue on the same unlicensed carrier as the initial transmission, an alternative is to operate the transmission on another available carrier. HARQ combining from multiple cells could be used to achieve the HARQ procedure. Thus the two-level retransmission structure in LTE can be kept to ensure both fast and reliable transmission. Besides, since the available bandwidth of unlicensed spectrum is large, many carriers can be configured for data transmission. With this situation, the channel occupancy opportunity would switch among the carriers frequently. Therefore it is very possible one carrier in the unlicensed carrier can take the responsibility of one HARQ process retransmission for another carrier when the retransmission cannot be continued on that carrier.
In addition, in the LAA system, the PCell in the licensed spectrum is assumed to provide aid to all SCells in the unlicensed spectrum which may lead to heavy load situation to the PCell. Therefore, it is also beneficial that some data transmission in the licensed PCell be retransmitted through the SCell in the unlicensed spectrum when it is available.

In summary, it is beneficial to support HARQ process retransmission of one carrier through another available carrier in the LAA system from the view point of data transmission latency and load balancing among cells.
Proposal 2: From performance perspective, operating the LAA downlink HARQ retransmission on a carrier other than the initial transmission can retain the benefit of LTE HARQ design and provide further benefits of carrier selection, and is therefore recommended to be further studied in the SI.
4 Complexity and specification impacts to support the HARQ design in LAA 
To support HARQ process retransmission of one carrier through another available carrier, the DCI design should be addressed first from the RAN1 point of view. For the DCI formats in the current specification, the retransmitted HARQ process is for the carrier on which the corresponding retransmitted data is carried. When cross carrier scheduling is not supported, the HARQ process is for the carrier carrying both the DCI and data retransmission. Otherwise, if cross carrier scheduling is supported the CIF indicates which carrier the retransmitted data belongs to and is operated on. If it is allowed to retransmit the data of one carrier through another carrier, the carrier which the retransmitted HARQ process belongs to and the carrier on which the retransmission is operated would be different. Therefore, new DCI design is needed to support HARQ process retransmission of one carrier through another available carrier.  
Observation 5: New DCI design is needed to support HARQ process retransmission of one carrier through another available carrier.
As far as RAN2 is concerned, only very minor enhancements to RRC message may be needed to pre-configure the potential mapping between multiple carriers and one HARQ entity, e.g., through a HARQ index or a carrier index, or a pattern index. In addition, since PHY at the receiving UE can determine the mapping between carriers and the corresponding HARQ process (i.e., either the initial MAC TB or the retransmitted MAC TB) without inputs from MAC, the cross carrier HARQ may be made transparent to MAC. Consequently, no impact to MAC specification is foreseen. Therefore, the RAN2 complexity and possible standard impacts that will be introduced to support cross carrier HARQ operation can be minimal.
Observation 6: The RAN2 complexity that will be introduced to support cross carrier HARQ operation is minimal. 
5 Conclusions
In this contribution, HARQ design in LAA system is discussed from the performance point of view. There are the following observations and proposals:
Observation 1: Operating the HARQ retransmission until the channel on the SCell is available again will make the data transmission delay uncontrollable and would not be preferred.
Observation 2: Performance gain provided by the HARQ retransmission is evident from previous release discussions and the probability of the SCell on the unlicensed spectrum being unavailable at one HARQ process retransmission moment is high.
Observation 3: Relying only on RLC retransmission to correct a failed physical layer HARQ process transmission will cause latency and inefficiency to the transmission.
Observation 4: By relying only on RLC retransmission to correct failed physical layer HARQ process in the unlicensed spectrum, the mixed utilization of radio resources of licensed and unlicensed carrier for a radio bearer would lead to either delayed or premature/false detection of missing RLC PDUs.
In addition, specification impacts to support the HARQ design in LAA system are analyzed and it is observed that:
Observation 5: New DCI design is needed to support HARQ process retransmission of one carrier through another available carrier.
Observation 6: The RAN2 complexity that will be introduced to support cross carrier HARQ operation is minimal. 
It is proposed that:

Proposal 1: It is proposed to consider retaining the HARQ retransmission for the failed transmission in the unlicensed spectrum considering the data transmission performance, latency and efficiency.
Proposal 2: From performance perspective, operating the LAA downlink HARQ retransmission on a carrier other than the initial transmission can retain the benefit of LTE HARQ design and provide further benefits of carrier selection, and is therefore recommended to be further studied in the SI.
The study item TR should capture the impact of both retaining and removing the LTE capability for HARQ retransmission considering complexity, performance, and latency. A draft reply LS [6] is proposed to capture the above considerations.
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