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1. Introduction

In last RAN plenary, there are lots of discussions on the scope of NR. It has been agreed that target content for R15 will include eMBB, Low Latency, and High Reliability (to enable some URLLC use cases) in scope [1]. In order to support the specification work of URLLC in R15, it is required some discussions and study works in study phase. In this meeting, we will provide some proposals on the design of NR frame structure for URLLC.
2. Discussions 
As for the design of NR to support URLLC, frame structure should consider low latency transmission at the very beginning. The main method in physical layer to support low latency is to reduce the duration of each transmission. In LTE, the duration of each symbol is fixed and the latency reduction work is focus on the TTI shortening, eg, support 2-7 symbols TTI length. In NR, it is agreed that it is necessary to support more than one value of subcarrier-spacing [2]. This implies that NR would support multiple subcarrier spacing and symbol lengths. Based on previous discussions, different subcarrier spacing and symbol lengths are used to match operation spectrum and mobility speed. In general, with the increasing of operation spectrum and/or mobility speed, larger subcarrier spacing is required. During the discussions in RAN plenary for NR requirements, there is no bundling between the URLLC service and operation spectrum and URLLC service should be supported in band agnostic manner. For example, in indoor scenarios, both high frequency and low frequency could support URLLC service.
Proposal 1: URLLC service should be supported for different frequency, subcarrier spacing and symbol lengths.
Considering the real frequency resources limitation, multiple services could be operated in one operation carrier. One way is to operate different services with different subcarrier spacing and symbol lengths. The other way, like LTE, is to operate different services with the same subcarrier spacing and symbol length and use different TTI lengths to support latency requirements of different services. All these two methods should be supported in NR. As for the supporting of different subcarrier spacing in one carrier, advanced filter could be considered, like F-OFDM or so. In this case, different services will be supported with different subcarrier spacing. However, even with advanced filter techniques, there will still be some loss of spectrum efficiency. In comparison, it is a more flexible way to support different services by different TTI lengths with the same subcarrier spacing and symbol length. We reuse the concept of TTI here to represent one downlink and/or uplink transmission time interval.
Proposal 2: In order to support different services with the same subcarrier spacing and symbol length, NR should support different TTI lengths with different symbol numbers.

With the same subcarrier spacing and symbol length, different TTI length could be efficiently multiplexed. One directly way is frequency divided multiplex (FDM). As shown in Fig.1, different services are supported with different TTI lengths in different frequency resources. One service could be served with TTI1, like 7 symbols and another service could be served with TTI2，like 2 symbols. In this case, with the same subcarrier spacing and symbol length, different TTI lengths could be used without the cost of guard band. In LTE, PDCCH occupies 2/3 symbols in all operation band. This is a big disadvantage for the supporting of low latency services. In NR, there is no backward compatibility constraint and the design of control channel could be more flexible. 
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Fig.1 Frequency divided multiplex for different TTI length
Another multiplexing way for different TTI length is time divided multiplex (TDM), which is shown in Fig. 2. In this case, one TTI length could be used as baseline, like TTI 1. Once other shorter TTI length is required, TTI length could be changed to other TTI length, like TTI 2, by system information or by a SPS manner. 
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Fig.2 Time divided multiplex for different TTI length
Different multiplexing methods could match different service types. FDM could satisfy continuous and mass low latency service transmissions. As for burst or periodical low latency services, TDM is a better choice. It is noted that service type and TTI length should not be bundled together. Shorten TTI length could also support services with loose latency requirement.
Proposal 3: For different TTI length with different symbols, FDM and TDM could be considered to support different services.

For short TTI length, comparing with long TTI length, the overhead of control channel is a key issue. Based on the requirements of URLLC service, user plane latency should be below 1ms. In order to support such low latency, with the same level of LTE symbol length, TTI length will be 1-2 symbols. In LTE, PDCCH will at least occupy 2 symbols. If NR uses similar design, control channel overhead will be a big challenge. The most efficient way to reduce control channel overhead is to decrease control channel load, eg, limit the supporting use numbers per transmission and/or fixed the resource blocks per users.
Meanwhile, in order to support 1 or 2 symbols TTI length, control channel and data channel should be considered to transmit simultaneously in one symbol. There are several ways could be considered to support this function. For example, the whole band could be divided into several fixed transmission regions and each region contains control and data channels. Each control channel could be further bundled to fixed data region to further reduce control channel overhead. 
Proposal 4: For short TTI length, NR should reduce control channel overhead and support control channel and data channel transmission in the same symbol.

In order to support URLLC service, control channel should also consider transmission reliability. The reliability of control channel has directly effect on the reception of data channel. Comparing with data channel, there is no HARQ process for control channel. Once detection error or missing detection happen, data channel will not receive correctly. Therefore, a direct design principle for URLLC service should be that the decoding error rate of control channel is lower than the decoding error rate of data channel under the same SNR constraint. A general URLLC reliability requirement for one transmission of a packet is 1-10-5. Accordingly, the error rate for control channel should be lower. Obviously, to achieve lower decoding error rate, more channel resources will be required to transmit the same payload, which will in turn bring great challenges to the overhead reduction for control channel.

3. Conclusion
In summary, the following proposals are provided for the design of frame structure design for URLLC
Proposal 1: URLLC service should be supported for different frequency, subcarrier spacing and symbol lengths.
Proposal 2: In order to support different services with the same subcarrier spacing and symbol length, NR should support different TTI lengths with different symbol numbers.

Proposal 3: For different TTI length with different symbols, FDM and TDM could be considered to support different services.

Proposal 4: For short TTI length, NR should reduce control channel overhead and support control channel and data channel transmission in the same symbol.
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