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1 Introduction
In the previous RAN1#84bis meeting, we discussed the NR subframe in some ways forwards [1][2] but did not reach any agreement. An email discussion [84b-15] is granted to make a progress. In this contribution, we discuss our preference of the NR subframe in more detail.
2 Discussion

2.1 Subframe type
In the case of LTE TDD where unpaired spectrum is deployed, the subframe pattern is configured by the higher layer signalling. For various purposes, the subframe (0,1,2) are fixed at (D,S,U), and depending on the traffic intensity, the subframe (5,6,7) are also configured by higher layer as either (D,S,U) or (D,D,D). The other subframes also follow the serving cell’s higher layer signalled configuration and are either D or U. The LTE TDD has the subframe type as {D, U, S}. In the case of LTE FDD where paired spectrum is required, the subframe direction is fixed and identical at all subframes. The LTE FDD has the subframe type as {D, U}.
In the case of LTE LAA where unlicensed spectrum is accessed, the subframe pattern is complicated depending on the channel occupancy after LBT. The Rel-13 LAA specifies DL-centric partial subframe. Likewise, we can expect that the similar subframe type in the UL can be specified in the Rel-14 LAA.
Observation: The LTE subframe type may include:

· DL
· UL
· Special subframe
· Partial subframe (i.e., DL part or UL part occupy only a part of the subframe)

The NR study may include the coexistence issue in the intra-freq between the NR and the LTE. This means that at least LTE subframe types are set as a baseline of NR subframe types. This is because the different subframe types would allow the UL/DL misalignment at some time/freq resources, which causes serious inter-RAT interferences. At least NR subframe type should include all LTE subframe types so that this inter-RAT interferences might be avoided or randomized using the clever configuration/operation of the NR cell.

The NR can be deployed in the licensed spectrum. Then, the NR subframe types may not inherit the LTE LAA subframe types because of the different regulations. However, when the NR is deployed in the unlicensed spectrum, the NR subframe types should consider the partial subframe, mentioned above.
Proposal: The NR subframe type would include the LTE subframe type.

2.2 Support of Mixed OFDM numerology
In the last #84bis meeting, it is agreed the band agnostic numerology. This agreement clarifies itself by saying that OFDM numerology in the high frequency could be used in the low frequency. This allows that a NR cell supports two mixed OFDM numerologies. Then it raises significant coexistence issues, and the NR base station should implement a sophisticated frequency domain filtering to avoid a large guard band. At the UE side, the mixed OFDM numerology requires more UE capabilities. Thus, depending on future UE category discussions, we have to consider that less capable UEs (i.e., only one OFDM numerology is supported) are also be able to be served for different types of traffic (e.g., eMBB or URLLC). If we consider various UE capabilities in the same NR cell, then we would propose that a NR cell of one OFDM numerology should be able to support all types of traffic. 
Proposal: A standalone carrier with one OFDM numerology can support all services.

2.3 Special subframe configurations
The Rel-12 eIMTA configures UL/DL subframe directions in tens of ms depending on the asymmetric amount of UL/DL traffic. This could be sufficient to the eMBB scenario, however the URLLC demands much less latency because the LTE TDD is well known that the HARQ-ACK timing is not uniform and the scheduling latency is not uniform. In the high DL load scenario the serving cell should wait for the reception of UL HARQ-ACK, and in the high UL load scenario the serving cell should wait for the transmission of DL HARQ-ACK. Thus, the LTE TDD inherently incurs excess delays, and it is not optimized to serve a URLLC traffic.
Observation: The LTE TDD is not optimized for URLLC traffic.
If a URLLC traffic arrive often, then the NR cell have to reserve a portion of resources which could be used for the URLLC traffic. If a URLLC arrives rarely, then a NR cell may not need to reserve a resources for possible use. When any URLLC traffic is arrived, the NR cell would schedule as fast as possible. One of such scheme may include that a URLLC traffic prioritizes with data transmission for the eMBB. Then, the eMBB traffic is blanked in those resource, yields to the URLLC traffic, and finally continues transmission after the URLLC transmission completes. 
In the case of TDD, a UL URLLC traffic may arrive while the DL eMBB is transmitted in the subframe. The UE should wait for the UL timing either to request the UL grant for the URLLC, or to transmit the URLLC traffic without a UL grant. Depending on the subframe length and the latency requirement, it may be desirable to reserve a portion of UL resources within the same subframe, which has been called as the special subframe. Even if the URLLC traffic arrives infrequently, then the NR cell may configure all subframes as the special subframe to satisfy the latency requirement. This sacrifices resources for the eMBB traffic in return for serving the URLLC traffic.
If UE could wait for the next subframe to support UL URLLC traffic, then the NR cell can configure the next subframe as the UL subframe or special subframe, while the NR cell keeps transmission in the current subframe. This motivates the dynamic TDD subframe configuration.
Proposal: How to/Whether to multiplex eMBB and URLLC in unpaired spectrum is further studied.
 By configuring more special subframes in one NR radio frame, a UE is expected to have the uniform and low latency for the URLLC traffic. The NR cell can configure any subframe as the special subframe when the presence of any configured DL/UL URLLC service. However, the NR special subframe should enhanced from the LTE special subframe in terms of GP overhead, which is proportional to the number of configured special subframes.
Observation: The LTE special subframe should be enhanced in terms of GP overhead.

The GP is determined by the maximum round trip delay between the NR cell and the NR UEs and processing delay. We can relax the legacy cell-specific GP definition by the UE-specific GP. The UE-specific GP is more efficient because some UEs do not need such a big pause in the subframe. This also introduces UE-specific DL parts and/or UE-specific UL parts. The UE-specific DL parts are configured as UE-specific DL TTI and its starting/ending symbol, and the UE-specific UL parts are configured as the UE-specific UL TTIs and its starting/ending symbol. 
The URLLC DL traffic can be served by the UE-specific special subframe, and also the URLLC UL traffic can be served by the UE-specific special subframe. This subframe should have sufficient number of UL symbols due to the UL coverage issue. In this case, the NR cell is responsible to balance the DL coverage and the UL coverage.

Proposal: The UE-specific special subframe configuration is introduced.
With the enhanced subframe configuration, we have to design HARQ-ACK timing as well. For all special subframe configuration, UL HARQ-ACK can use every subframe. This will reduce the HARQ RTT delay of URLLC DL traffic. In the UL case, the NR UE transmits UL data and the NR cell decodes. The NR cell may not transmit DL HARQ-ACK of URLLC UL traffic depending on HARQ configurations and may re-schedule the UL transmission if DTx/NACK occur. This behaviour involves non-synchronized and adaptive retransmission. The UL grant itself serves as an effective DL HARQ-ACK in this configuration. This increases control overhead with increased flexibility. The optimal tradeoff can be studied further during the NR study item.

Proposal: The DL HARQ-ACK may not exist depending on the configuration.

2.4 Extension to paired spectrum
For paired spectrum, the network can configure TDD NR carrier aggregation. The independent subframe configurations can be applied for each NR carrier. However, by configuring dependent TDD subframe patterns in pair of NR carrier such as conjugate UL/DL subframe patterns, the NR UE could expect the sufficient number of UL transmissions and DL receptions at each subframe instance, and reduced scheduling/HARQ-ACK latencies. The traffic offloading can be realized by using a pair of NR carriers. In other words, conjugate subframe configurations in the paired spectrum can be optimized to support multiple types of traffic.

Proposal: The TDD NR carrier aggregation can be further studied.
3 Conclusion
 In this contribution, we made the following proposals:
Proposal: 
· The NR subframe type would include the LTE subframe type.

· A standalone carrier with one OFDM numerology can support all services

· How to/Whether to multiplex eMBB and URLLC in unpaired spectrum is further studied.
· The UE-specific special subframe configuration is introduced.

· The DL HARQ-ACK may not exist depending on the configuration.
· The TDD NR carrier aggregation can be further studied.
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