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1 Introduction

In RAN1#86bis and RAN1#87, the following items were identified and the following agreements were reached with respect to the support of carrier aggregation (CA) in NR
Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE

· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity

Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
The following agreements were made in RAN2 NR Adhoc.

Agreements:
· a single logical channel can be mapped to one or more numerology/TTI duration. 

· ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

· The RLC configuration is per logical channel without dependency on numerology/TTI length.

· Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

· RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

· wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

· a single MAC entity can support one or more numerology/TTI durations. 

· LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

This contribution considers aspects related to various aspects for HARQ operations when multiple numerologies are multiplexed in a single carrier and the highlighted aspects of the RAN2 agreements above.
2 HARQ for Numerology Multiplexing in Single Carrier

This section considers HARQ procedures when different numerologies are TDM or FDM in a single carrier. For a UE configured with different slot durations, such as a first slot duration and a second slot duration, and with HARQ-ACK transmission using the first slot duration, HARQ-ACK timing for HARQ-ACK transmission in response to reception using the second slot duration can be with respect to the first slot duration. Regardless of FDD or TDD operation, the first slot duration is P times longer than the second slot duration, and the HARQ procedure for the first slot duration corresponds to a bundling window with size of P slots using the second slot duration.
When the HARQ procedure is synchronous, there is no need to maintain a HARQ process and hence there is no issue of sharing the HARQ procedures across numerologies. However, the issues associated with HARQ process sharing across numerologies need to be addressed for asynchronous HARQ.

When a UE can simultaneously process more than one numerology, i.e., UE has multiple FFT blocks, then the numerologies can be FDM for one UE. Such an operation is similar to CA and HARQ procedures mentioned in [1] can be used where each numerology maintains an independent HARQ configuration. 
Observation 1: For FDM of numerologies in a single carrier (FDD or TDD systems), each numerology can have a corresponding HARQ configuration and HARQ-ACK codebook.

For TDM of numerologies in a single carrier, for example to support different services such as URLLC and eMBB or mMTC and eMBB, and unlicensed band applications for immediate channel occupancy post LBT using shorter symbol s, HARQ configurations may be shared across different numerologies. In the above examples, eMBB is expected to have a slot duration larger than URLLC or mMTC. Under such cases, sharing HARQ configurations can lead to latency issues especially for low-latency (short TTI) applications if a respective HARQ configuration is associated with a different numerology (long TTI). As mentioned above, this procedure will correspond to bundling of several short TTI applications with respect to a long TTI application. An example is shown in Fig. 1 where the n(n+4(n+8 timeline is assumed for HARQ procedures, for ease of exposition. In Figure 1, the top block represents numerology 1 that has twice the TTI duration of numerology 2 in the bottom block. If these numerologies share HARQ procedures/configurations, HARQ-ACK for the 2nd numerology will have to wait and thereby the latency. Any HARQ timeline, other than n(n+4(n+8 will lead to a similar conclusion when the HARQ timelines are linked across various numerologies. 
In addition to the above cases, NR considers pre-emption based URLLC-eMBB operation across different numerologies. In order to support proper operation for URLLC allowing for low latency, it is preferable to have separate HARQ configurations. Despite having asynchronous HARQ, HARQ prioritization may be needed in such cases to ensure that low-latency services are not impacted. Although in LTE there was no HARQ prioritization defined to deal with potential soft buffer overflow, NR may have to define such priorities according to traffic type and this can be supported by network configuration. 
Proposal 1: A single HARQ entity can support one or more numerology/TTI durations. 
Proposal 2: Each numerology can have its own HARQ configuration irrespective of TDD/FDD and TDM/FDM of numerologies. 

Proposal 3: NR supports HARQ prioritization by network configuration. 
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Figure 1: An example TDM numerology multiplexing
RAN2 also discussed whether or not HARQ re-transmissions can be performed across numerologies, i.e. when the first transmission is on numerology 1 but the corresponding re-transmission is on numerology, 2 and is waiting on a respective RAN1 decision. RAN1 decided that 1 HARQ-ACK bit per TB will be supported. The case of multiple HARQ-ACK bits per TB is FFS in which case a CB may be re-transmitted. In either case, although it is possible that the TB/CB may be re-transmitted on a different numerology, the benefits are not clear. When the carrier and bandwidth used for transmission and re-transmission are the same, the benefits of using a different numerology only to address the channel effects cannot be concluded without further evaluation. 

Observation 2: The benefits of using a different numerology for re-transmission of a TB in the same carrier and same bandwidth is not clear.
However if there is a possibility that the bandwidth used for re-transmission may be adapted, specifically in this case increased when compared to the first transmission, then re-transmission on a different numerology can help to fasten the procedures. However, the associated overhead for indicating the bandwidth adaption and the UE procedures involved in changing the RF hardware for the same may have to be considered jointly to assess the performance gains. Of course remember that all this is feasible (re-transmission across different numerologies) only when the mother code used for the first transmission and re-transmission is the same. 
Furthermore, during SI phase in NR, it was agreed that specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. Therefore, the gNB can schedule data transmission with any subcarrier spacing at any moment i.e., owing to dynamic change of numerology at any moment, retransmission while using the same numerology is always possible. With this flexibility, it is hard to find a motivation to support HARQ retransmission by using different subcarrier spacing.
Observation 3: There are no clear benefits of using a different numerology for re-transmission of a TB in the same carrier and same bandwidth.
Proposal 4: RAN2 proceeds discussion without assumption of HARQ re-transmission across multiple numerologies (i.e. subcarrier spacing).
3 Conclusions

This contribution considered aspects for CA operation among NR cells with different slot durations and for numerology multiplexing within a single carrier. In particular, the following are proposed. 
Observation 1: For FDM of numerologies in a single carrier (FDD or TDD systems), each numerology can have a corresponding HARQ configuration and HARQ-ACK codebook.

Observation 2: The benefits of using a different numerology for re-transmission of a TB in the same carrier and same bandwidth is not clear.
Observation 3: There are no clear benefits of using a different numerology for re-transmission of a TB in the same carrier and same bandwidth.
Proposal 1: A Single HARQ entity can support one or more numerology/TTI durations. 
Proposal 2: Each numerology can have its own HARQ configuration irrespective of TDD/FDD and TDM/FDM of numerologies. 

Proposal 3: NR supports HARQ prioritization by network configuration. 
Proposal 4: RAN2 proceeds discussion without assumption of HARQ re-transmission across multiple numerologies (i.e. subcarrier spacing).
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