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1. Introduction
In this contribution, we address study on potential HARQ enhancements for NR unlicensed band.
2. Clarification of each feature assuming scenarios
[bookmark: _GoBack]At the RAN plenary meeting #80, objective of this SI was approved in SID as follows [1].
	This study item will include the following objectives

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

The above study will address the following architectural scenarios (RAN2): 
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network, e.g., for private network deployments; 
· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required


According to the above SID, NR-U assumes three types of operating scenarios; i.e. SA (PCell), DC (PSCell), and CA (Scell). Then, based on the scenarios, some features have been studied in previous RAN1 meetings, for example the following.
- Data transmission and HARQ-ACK feedback within a COT: Enhance PDSCH-to-HARQ-timing-indicator
- HARQ-ACK feedback on different COT from that for data transmission
- Multiple opportunities for HARQ-ACK transmission
- LBT for HARQ-ACK feedback on PUCCH/PUSCH
- HARQ-ACK codebook enhancement
- Multiple TTIs scheduling
However, each  does not mention which scenario the feature needs to be introduced in. In some scenarios, some features are not necessary; hence introducing the features for all scenarios should be avoided. We would like to clarify each considering scenarios and that each does not applied to the other scenarios. The following table is our understanding.
Table 1: Each feature assuming scenarios
	Features
	Scenarios

	
	SA
	DC
	CA

	Data transmission and HARQ-ACK feedback within a COT
	○
	○
	-

	HARQ-ACK feedback on different COT from that for data transmission
	○
	○
	-

	Multiple opportunities for HARQ-ACK transmission
	○
	○
	-

	LBT for HARQ-ACK feedback on PUCCH
	○
	○
	○/-

	HARQ-ACK codebook enhancement
	○
	○
	○/-

	Multiple TTIs scheduling
	○
	○
	○


For example, in CA case, NR-U is SCell; that is, PUCCH is not transmitted on NR-U. If HARQ-ACK is transmitted on licenced band for CA case like LTE-LAA, then LBT for HARQ-ACK feedback on PUCCH, HARQ-ACK feedback on different COT from that for data transmission, …,  are unnecessary features for CA case. Therefore, we submit the following proposal.
Proposal 1:
· The TR should be formulated such that which issues are identified in which scenario, and what types of potential solutions are beneficial for each scenario (with possibly simulation results).
· e.g. HARQ-ACK reporting on PUCCH relating features would not be necessary for CA.

3. Discussions on individual features for HARQ enhancement
3.1. Cross-carrier re-transmission
Utilizing unlicensed-band is beneficial to enhance eMBB performances in DC/CA scenarios since additional wider bandwidth can be used. On the other hand, utilizing unlicensed band has potential disadvantage in latency aspects. When other systems occupy the available unlicensed bands and NR-U system remains busy during long time, gNB/UE cannot transmit any in unlicensed bands. Initial transmission can avoid high latency by using licensed bands; however, re-transmissions for a HARQ process in unlicensed carrier need to wait until the channel becomes idle, which is in LTE-LAA operation.
Latency requirement in NR is more strict than that in LTE, and hence NR-U is desirable to solve the abovementioned issue. One of potential solutions is cross-carrier re-transmissions. The following types can be considered since NR-U considers SA/DC/CA scenarios.
- Type 1: Between licensed-band and unlicensed band
- Type 1A: Initial transmission on license-band and re-transmission on unlicensed-band
- Type 1B: Initial transmission on unlicensed-band and re-transmission on license-band
- Type 2: Between different carriers in unlicensed band(s)
In LTE-LAA situation, similar study was provided, nevertheless such cross carrier HARQ operation was not introduced. This is because, in RAN2 HARQ aspects, spec impact was quite large. For easy implementation, agreements to support the features were not reached. Here, we think NR-U has similar conditions; that is, RAN2 impact is not avoidable. However, as explained in the above, NR-U requires lower latency than LTE-LAA. Therefore, RAN1 should study the necessity further and then ask RAN2 whether/how to introduce cross-carrier re-transmission if necessary.

Proposal 2:
· Study on cross-carrier re-transmission is necessary for NR-U.

3.2. TDMed UL transmissions and LBT for UL transmissions
At the last meeting, whether UE should perform LBT for HARQ-ACK feedback was discussed but still we have the following options:
- Alt 1: No LBT
- Alt 2: Cat. 2 LBT
- Alt 3: Cat. 4 LBT
At first, we believe that NR-U should support TDMed UL transmissions within a COT. To transmit DL data and HARQ-ACK within the same COT, high scheduling flexibility is essential. One of the NR advantages compared to LTE is higher scheduling flexibility; however, this advantage is lost if TDMed UL transmissions are prohibited.
Then, we consider whether LBT is necessary for HARQ-ACK feedback within a COT in consideration of the above assumption. If the time-gap between the end of previous DL/UL transmissions within a COT and the start of next UL transmission is less than 16 μsec., LBT is not essential since other devices can assume the channel is still busy. In this case, it seems that LBT is unnecessary. If LBT is performed, the UE that would like to report HARQ-ACK thinks LBT failure due to the last DL/UL transmission. 
However, some UEs may fail to detect scheduling DCI. An example is illustrated in Fig. 1. Corresponding UL transmissions are not transmitted. The time-gap becomes larger than 16 μsec in such case. Then, other devices can assume the channel is idle. If UE feedbacks HARQ-ACK without LBT, collision may occur.  In this case, therefore, LBT is desirable. 
According to the above analysis, just selecting from three options may not be enough and further study should be presented. Note that such PDCCH misdetection case with TDMed UL transmissions would cause LBT failure for following transmissions within a COT. The impact of the issue and some solution are worthy to be considered.
[image: ]
Fig. 1: PDCCH misdetection issue

Proposal 3:
· TDMed UL transmissions within a COT should be studied to achieve high scheduling flexibility in NR-U.
· Note: for SA, DC, and CA
· LBT mechanism for TDMed UL transmissions within a COT should be studied.
· PDCCH misdetection for PUCCH/PUSCH transmission should be considered.

3.3. HARQ-ACK feedback on different COT and multiple feedback opportunities
At the last meeting, how to feedback HARQ-ACK on different COT from that for data transmission was discussed but still we have the following options:
- Alt 1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
- Alt 2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
- Alt 3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
We believe that Alt 1 is better solution since this manner can be used when gNB indicates to feedback HARQ-ACK within the same COT but the HARQ-ACK report cannot be transmitted due to LBT failure. The common solution for various cases can make system/implementation simple. Additionally, gNB can schedule the HARQ-ACK feedback with suitable configurations. On the other hand, in both Alt 2 and Alt 3, there is a possibility that UE fails to know gNB obtains the following COT. Then, UE cannot transmit HARQ-ACK on the resource where gNB assumes, which concludes gNB requests/triggers feedback as Alt 1. Furthermore, in Alt 2, RRC-configured resource is one considerable method. The preconfigured-resource may not have sufficient capacity to transmit the HARQ-ACK because the time-gap between the two COTs can be quite long and channel conditions may be different. In Alt 3, PDSCH-to-HARQ-timing-indicator is not enough due to the long time-gap issue. Based on the above analysis, we prefer Alt 1. 
Then, the same procedure can be applied to the similar discussions. How multiple opportunities for HARQ-ACK transmission to prepare for LBT failure at UE or misdetection of PDCCH can be discussed. The following two types of categories are presented as considerable solutions.
- Category 1: multiple opportunities are configured/signaled in advance with pre-defined transmission rule
- Category 2: each opportunity is explicitly triggered
It seems that category 2 is the same as Alt 1. As explained in the above, common solution is good selection. Category 1 reserves multiple resources, which means some resources are wasted when one HARQ transmission is successful. In contrary, if all of the HARQ-ACK transmissions on the multiple resources are failed, additional indication is needed. Therefore, category 1 related solutions are imperfect.
Proposal 4:
· How gNB requests/triggers feedback in different COT should be studied with considering following aspects.
· HARQ-ACK feedback for PDSCH from earlier COT(s)
· Multiple opportunities for HARQ-ACK transmission

4. Conclusion
In this contribution, we discussed HARQ enhancements for NR-U and proposed the following:
Proposal 1:
· The TR should be formulated such that which issues are identified in which scenario, and what types of potential solutions are beneficial for each scenario (with possibly simulation results).
· e.g. HARQ-ACK reporting on PUCCH relating features would not be necessary for CA.
Proposal 2:
· Study on cross-carrier re-transmission is necessary for NR-U.
Proposal 3:
· TDMed UL transmissions within a COT should be studied to achieve high scheduling flexibility in NR-U.
· Note: for SA, DC, and CA
· LBT mechanism for TDMed UL transmissions within a COT should be studied.
· PDCCH misdetection for PUCCH/PUSCH transmission should be considered.
Proposal 4:
· How gNB requests/triggers feedback in different COT should be studied with considering following aspects.
· HARQ-ACK feedback for PDSCH from earlier COT(s)
· Multiple opportunities for HARQ-ACK transmission
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