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1 Introduction

In RAN2 #89 meeting, the following suggestion was made regarding the downlink cross carrier HARQ operation: 
· 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).
In this contribution, the complexity and standards impacts for cross carrier HARQ are further investigated in Section 2, and challenges of not introducing cross carrier HARQ are outlined in Section 3. Based on the analysis, RAN2 is kindly request to revisit the above suggestion from the last meeting. 
2 Complexity and Standards Impacts of Cross-carrier HARQ Operation 

To enable an LAA eNB to retransmit HARQ data over an available carrier (e.g., licensed channel) other than the carrier of initial transmission (e.g., unlicensed channel), the DCI format can be enhanced [1] to indicate the association between the initial transmission and possible retransmissions over different carriers. Design details shall be studied by RAN1.
As far as RAN2 work load is concerned, however, only very minor enhancements to RRC message may be needed to configure the 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 1: The RAN2 complexity that will be introduced to support cross carrier HARQ operation is minimal. 
On the other hand, if cross-carrier HARQ operation is not supported, there are potential concerns regarding the reliability and latency experienced by the data transmitted initially over unlicensed channel which are discussed in more details in Section 3. These concerns may make it undesirable to transmit L2/L3 control information (e.g., MAC CE, RLC control PDU, PDCP control PDU, RRC messages) over unlicensed resources. Consequently, RAN2 standards might have to be modified anyway to restrict the transmission of L2/L3 control information to licensed carrier only.
Observation 2: If cross carrier HARQ operation is not supported, modifications to RAN2 specifications may be needed to restrict the transmission of L2/L3 control information to licensed carrier only.
3 HARQ Operation Alternatives in LAA system
It is assumed one or more SCells operate in unlicensed spectrum in a LAA system. Since the channel resource availability of unlicensed SCell is opportunistic and not guaranteed to be continuous due to LBT requirement such as CCA and maximum channel occupancy time, new challenges arise for the HARQ procedure which utilizes unlicensed radio. One example is shown in Figure 1 below. The LAA eNodeB performs the initial transmission of a HARQ process at subframe 0 on the SCell with the unlicensed spectrum. After a HARQ NACK for this process is received at subframe 4, the eNodeB plans to retransmit data for this HARQ process to the UE at subframe 9. However, the LBT procedure may determine that the unlicensed radio resource is unavailable for that SCell in subframe 9, or the eNodeB has to stop occupying the unlicensed channel of that SCell because the maximum channel occupancy time is reached. 
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Figure 1

An example of HARQ transmission in LAA system
When the SCell on the unlicensed spectrum is unavailable for HARQ retransmission, three alternatives can be considered to complete the retransmission of the HARQ process:
Alternative 1: Continue HARQ retransmission only when the SCell unlicensed carrier is available again
The HARQ operation under this alternative is very similar to legacy behaviour, except that the delay between two (re)transmissions is uncontrollable and may be quite large due to the unpredictable channel occupancy in the unlicensed spectrum. In particular, for the dense deployment scenarios with heavy traffic load, it is very likely that the unlicensed channel will be available again only after a long period of time. Therefore, Alternative 1 is not preferred considering the large variation and unpredictability in HARQ latency experienced by UE.
Observation 3: Restraining HARQ retransmission to be only on the SCell of the initial HARQ transmission can lead to large variation and unpredictability in HARQ latency experienced by the UE on unlicensed carrier.
Alternative 2: Abort HARQ retransmission if unlicensed resource is unavailable, and rely on RLC retransmissions to recover failed HARQ transmission.
This alternative is aligned with the suggestions made in the last RAN2 meeting, and it was considered as a solution with minimal or no standard impact. However, the ease of this alternative comes at the non-trivial cost of performance degradation, such as reliability, latency and configuration difficulty at least, as elaborated below. 
· HARQ reliability:
In the current LTE system, the target error probability of one HARQ process initial transmission is about 10%. For the failed 10% HARQ initial transmission, 90% of them would be corrected with one retransmission without even counting in the HARQ combination gain. The transmission reliability can be increased even higher with more HARQ retransmission allowed. However, one DL HARQ process retransmission is at least 8ms later than the previous transmission. Considering the fact that the maximum channel occupancy time is 13ms and 10ms for the LBE and FBE equipment respectively in Europe [2] and 4ms in Japan, the probability that the unlicensed SCell is unavailable for any HARQ retransmissions is high. To be more specific, if the maximum channel occupancy time is N subframes, only those HARQ processes which start the initial HARQ transmission in the first N-8 subframes might have the opportunity of HARQ retransmission for a single time. In other words, 80% and 62% of failed initial transmission would have no chance of HARQ retransmission for even once for N=10 and N=13 respectively, let alone the possibility of second HARQ retransmission. For the case of N=4 according to Japan regulation, HARQ retransmission is impossible for a HARQ process initiated on an unlicensed carrier if Alternative 2 is adopted.
Observation 4: Aborting HARQ retransmission when the unlicensed carrier becomes not available after initial transmission significantly reduces the chance of HARQ retransmissions, which leads to  the throughput and reliability degradation.
· RAN latency:
The original motivation for having two-level retransmission structure in LTE is to achieve both fast and reliable transmission. That is, HARQ provides fast retransmission for low latency data services with residual error rate at 10-4 level or less, whereas ARQ retransmission is designed for achieving error-free delivery for AM mode data, which rarely occurs after multiple HARQ retransmissions. Since the RLC retransmission is triggered by RLC status PDU, the recovery of missing data through RLC ARQ retransmission may take much longer than data recovery through MAC HARQ retransmission. Under Alternative 2, however, RLC retransmission is forced to correct HARQ failure after only the initial retransmission (i.e., a HARQ residual error rate of 10%), which will result in longer delay in recovering the data. 
Observation 5: Relying on RLC retransmission to recover a failed HARQ transmission may cause extra latency to the data transmission. 
· Configuration difficulty:
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, which is a reasonable configuration for a licensed carrier, leading RLC t-Reordering timer to 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 analyzed earlier, an optimized RLC t-Reordering timer value should be set as 8ms for the unlicensed carrier. 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. On the other hand, 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. Since the configuration of t-Reordering value is bearer specific instead of carrier/cell specific, such drawback will degrade the throughput performance because an efficient parameter configuration becomes impossible when the radio bearer is transmitted over both licensed and unlicensed channels.
Observation 6: By relying only on RLC retransmission to correct failed HARQ transmission over the unlicensed spectrum, the mixed utilization of radio resources on both licensed and unlicensed carrier by a radio bearer will lead to either delayed or premature/false detection of missing RLC PDUs.
Based on the above analysis, Alternative 2 is not preferred.
Alternative 3: HARQ retransmission by another available carrier

When one HARQ process retransmission cannot continue on the same unlicensed carrier of the initial transmission, an alternative is to operate the transmission on another available carrier. HARQ combining from multiple cells can be used to complete the HARQ procedure. With this alternative, the two-level retransmission structure of current LTE system can be preserved, and thus both fast and reliable transmissions are ensured. Since the available bandwidth of unlicensed spectrum is large, many carriers can be utilized for data transmission. This alternative enables the possibility of more dynamic multiplexing among carriers according to channel availability, and the switching can be made from one HARQ (re)transmission to another HARQ (re)transmission. With Alternative 3, it is feasible that the initial HARQ transmission over an unlicensed carrier fails, while the HARQ retransmission is continued on another carrier, either licensed or unlicensed. In addition, when the traffic load in the licensed PCell is heavy, it is also beneficial that the unlicensed SCell may help with HARQ retransmissions of the licensed PCell.

Observation 7: Cross-carrier HARQ retransmission can help improve the throughput, latency, and load balancing among cells in LAA system.
Proposal: It is kindly requested to revisit the assessment of last RAN2 meeting on cross carrier HARQ operation in LAA system.
4 Conclusions
Observation 1: The RAN2 complexity that will be introduced to support cross carrier HARQ operation is minimal. 
Observation 2: If cross carrier HARQ operation is not supported, modifications to RAN2 specifications may be needed to restrict the transmission of L2/L3 control information to licensed carrier only.
Observation 3: Restraining HARQ retransmission to be only on the SCell of the initial HARQ transmission can lead to large variation and unpredictability in HARQ latency experienced by the UE on unlicensed carrier.
Observation 4: Aborting HARQ retransmission when the unlicensed carrier becomes not available after initial transmission significantly reduces the chance of HARQ retransmissions, which leads to  the throughput and reliability degradation. 

Observation 5: Relying on RLC retransmission to recover a failed HARQ transmission may cause extra latency to the data transmission.
Observation 6: By relying only on RLC retransmission to correct failed HARQ transmission over the unlicensed spectrum, the mixed utilization of radio resources on both licensed and unlicensed carrier by a radio bearer will lead to either delayed or premature/false detection of missing RLC PDUs.
Observation 7: Cross-carrier HARQ retransmission can help improve the throughput, latency, and load balancing among cells in LAA system.
Proposal: It is kindly requested to revisit the assessment of last RAN2 meeting on cross carrier HARQ operation in LAA system.
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