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Introduction
In RAN #71 meeting, a new SI for new radio access technology was approved. Its objectives are as follows [1],
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including eMBB, mMTC and URLLC.
(2) The new RAT shall be inherently forward compatible.
(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2.
(4) Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2.
(5) Provide performance evaluation of the technologies identified for the new RAT and analysis of the expected specification work.
(6) Identify relevant RF parameters used to be used for sharing and co-existence studies.
(7) [bookmark: _GoBack]Study and identify technical solutions that enable support for wireless relay.
In this contribution, we will show high level design proposals addressing all usage scenarios, requirements and deployment scenarios, e.g., eMBB, MTC and URLLC.
Fundamental physical layer signal structure
Consideration on priority allocation
Considering the assumed phased approach for standardizing NR and the limited time for the standardization of each phase, we need to have a consensus on priority allocation for candidate features for each phase so that the SI can focus on completing aspects needed for Phase 1, while ensuring that Phase 1 can also be forwards compatible.
· For phase 1, higher priority features should be determined based on the expected market demand and/or business strategies of operators around 2020 timeframe taking into account the further evolution of LTE-Advanced. Focus on eMBB scenario in phase 1 will be a reasonable approach. However, deployment of NR in frequencies below 6GHz with limited bandwidth (e.g. 20-40MHz) will be an important option in this time frame. Hence, in order to justify such deployments it will be advantageous that NR can support additional scenarios/features other than eMBB, which cannot be supported by the evolved LTE-Advanced with same bandwidth. Supporting some features for the URLLC scenario in priority will be a possible approach.
· The above does not introduce any limitations on the physical layer design in phase 1. It will be better that the phase 1 design can support a wide spectrum range up to at least 30-40GHz for the forward compatibility.
· One of the important physical layer design features of NR is to design an efficient multiplexing scheme for all the scenarios (eMBB, mMTC and URLLC) in a same carrier and this should be determined in phase 1 in order to guarantee the forward compatibility. Technical design of wave forms, multiple access schemes, frame structure and the numerology should be jointly studied to fulfil the objectives. Higher flexibility in selecting appropriate parameters such as symbol length (subcarrier spacing), CP length, subframe length, TDD configurations and HARQ feedback scheme optimized for each scenario, in order to adapt to the various traffic/scenario requirements and the channel conditions, should also be studied.
· Focusing on TDD features with priority and treating the FDD features as potential future extensions with the forward compatibility could be one of the approach considering 3-6GHz frequencies for practical initial deployments of NR in order to limit the standardization work on phase 1, if needed.
· Though we think that the phase 1 specification will not have to support a standalone operation of NR, introduction of some necessary features for the future support it in a forward compatible manner should be specified.
Proposal 1: Identify features expected to be supported in Phase 1 and Phase 2 and study designs for Phase 1 that can be forward compatible with Phase 2 (and beyond).
Basic frame structure
As described in the previous section, one of the important physical layer design features of NR is to design efficient multiplexing scheme of all the scenarios (eMBB, mMTC and URLLC) in a same carrier with much flexibility in selecting the numerology. To accommodate low latency transmission, in addition to shorten the length of subframe/TTI, allocating a short period for HARQ-Ack/Nack feedback in each subframe is also effective. Several companies proposed such a self-contained frame structure for it [2][3]. Further study on how to balance the efficiency and latency is needed.

Figure 1 shows an example of the TDD frame structure introducing timing alignment of the periods for data symbols between neighboring spectrum sub-blocks to which same or different numerology can be applied, and inserting a short period for HARQ-Ack/Nack in order to minimize the unused resources.
Proposal 2: Investigate efficient TDD frame structure options which can achieve efficient utilization of radio resources and low latency.
[image: ]
Figure.1: An example of the TDD frame structure
eMBB
In TR38.913, several deployment scenarios are proposed for eMBB. Among them, both BS and UE are configured with large number of antennas (up to 256 at BS and 32 at UE), and the system bandwidth is quite broad (up to 1GHz). Thus, it is not a big issue to achieve the requirements on the peak data rate and the peak spectral efficiency. However, some KPIs, e.g., cell/transmission point/TRP spectral efficiency, area traffic capacity, user experienced data rate, 5th percentile user spectrum efficiency, indicate the universal capacity improvement compared to LTE-A system. To achieve those requirements, some novel designs are needed:
(1) Optimization for ultra-dense network (UDN) deployments
Cell/transmission point/TRP spectral efficiency of NR can be effectively improved by increasing the density of TPs per unit area. One of the issues to be addressed in this scenario is how effectively control the inter-cell interference from increased number of densely deployed neighbor cells where most of them are in line-of-sight locations. In this scenario, Rel-11 CoMP will not be sufficient to control such a lot of inter-cell interferences and hence further enhancement is necessarily, e.g. support of a non-feedback-based coordinated precoding among a larger set of coordination cells.
Proposal 3: Supporting enhanced inter-cell operation for UDN should be studied (including interference control and joint transmission).
(2) Multiple connectivity
In LTE-A Rel-12, dual connectivity, i.e., an UE is connected to multiple inter-frequency BSs, is extensively studied. The resultant benefit is that multiple carriers are aggregated at the UE side to improve its throughput. Following the same paradigm, the approved TP on RAN architecture indicates that [4]:
	The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.


In our understanding, the traditional dual connectivity should be supported in NR as well. In this case, the aggregated bandwidth can be increased significantly in order to improve the peak bit rate and UE throughput. On the other hand, with the deployment of ultra-dense networks, the UE can often be located within the coverage of multiple transmission points. Considering the variation of wireless channel, the best serving point for each UE may need to be changed dynamically. Thus, serving the UE by different intra-frequency TPs at different time slots may be another choice to improve its throughput. In other words, in NR, the multiple connectivity can be studied in both inter-frequency and intra-frequency cases.
Proposal 4: The multiple connectivity can be studied in both inter-frequency and intra-frequency cases.
(3) Dynamic TDD
To combat the inflexible DL/UL configuration in the LTE system, LTE-A Rel-12 introduced eIMTA to allow adaptively change DL/UL setting of each cell among 7 reference TDD configurations based on the DL/UL traffic distribution. The evaluation results indicate that such scheme can significantly improve the system capacity. In NR, the uneven DL/UL traffic distribution will still be an issue, especially in ultra-dense networks. Moreover, NR will introduce new frame structure. Thus, the idea of dynamic TDD should be extensively studied for eMBB (e.g. dynamic DL/UL configuration among cells).
Proposal 5: Dynamic TDD can be studied for the NR.
In the LTE/LTE-A system, the DL and UL of the same UE is always served by the same TPs. However, in the real world, due to the asymmetric coverage of DL and UL signals, the best DL and UL serving point for the same UE may be different. Thus, in NR, the UE can be served in the DL and UL by different TPs. To achieve this, on one hand, the UE can be connected to multiple TPs; on the other hand, the different TPs should have different DL/UL configurations.
Proposal 6: The combination of multiple connectivity (for FDD and TDD) and dynamic TDD can be studied in NR.
mMTC
As for massive MTC, transmission from more uplink users is required and connection density is a key performance indicator. Also grant-free transmission is expected to be supported to reduce signaling overhead especially for small-packet types of traffic [5][6]. With these guidances for multiple access design, several new non-orthogonal multiple access technologies have been proposed by different companies, such as SCMA, MUSA, PDMA and RSMA [6] as candidate schemes for NR. We also support study of such schemes with high priority in order to increase the supported number of MTC UEs, improve spectral efficiency and also reduce uplink transmission/feedback latency. RAN1 should study the required features such as e.g. user signature vector design, and mapping onto physical resource, for achieving better performance and supporting higher overload factors.
URLLC
For this scenario, technologies for U-plane/C-plane latency reduction, mobility interruption time reduction and link budget enhancement are required. As discussed in section 2.2, a flexible physical layer design for phase 1 which would enable dynamic use of shorter symbol/TTI length, self-contained frame structure, narrowband modulation are important. Though priorities for phase 1 will depend on the discussion, supporting U-plane/C-plane latency reduction should have high priority. To simplify the system design and reduce specification effort, a common framework with mMTC should be targeted.
Proposal 7: Aim for a unified uplink transmission framework which is beneficial for both mMTC and URLLC scenarios.
Conclusions
This contribution discussed the fundamental physical layer design on priority allocation for the standardization and on potential technologies for all usage scenarios. The proposals based on above discussion are summarized as follows:
Proposal 1: Identify features expected to be supported in Phase 1 and Phase 2 and study designs for Phase 1 that can be forward compatible with Phase 2 (and beyond).
Proposal 2: Investigate efficient TDD frame structure options which can achieve efficient utilization of radio resources and low latency.
Proposal 3: Supporting enhanced inter-cell operation control for UDN should be studied (including interference control and joint transmission).
Proposal 4: The multiple connectivity can be studied in both inter-frequency and intra-frequency cases.
Proposal 5: Dynamic TDD can be studied for the NR.
Proposal 6: The combination of multiple connectivity (for FDD and TDD) and dynamic TDD can be studied in NR.
Proposal 7: Aim for a unified uplink transmission framework which is beneficial for both mMTC and URLLC scenarios.
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