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Introduction
Last RAN1 meeting, we had reached to the following agreements on NR frame structure [1]:
Agreement 1:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

Agreement 2:
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
· For example to provide coverage or enable TD-LTE coexistence
Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving

The last part of the above agreements is providing the design criterion for the frame structure and HARQ timing issues. This contribution discussed the feasibility of self-contained structure which is using special subframe type frame structure and fast HARQ-ACK timing.
Frame structure and HARQ timing
From the descriptions in agreement 1 above, there can be many combinations of the potential frame structures as shown in Figure 1-(a), which covers both FDD and TDD cases. And agreement 2 in section 1 discusses the possibility of the special subframe type with fast HARQ-ACK, aka “self-contained structure”. This section discusses the feasibility of the self-contained structure as illustrated in Figure 1-(b), where UL acknowledgement is transmitted in the same time interval X with the corresponding DL data transmissions.
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(a) Potential frame structures for NR
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(b) Self-contained structure
Figure 1: NR Frame structure

The main motivation of the self-contained structure is that it is beneficial from the forward compatibility perspective and it can also reduce the transmission latency. However, it is discussed that even if self-contained structure is introduced in the specification, the actual support of it may depend on UE capability, TBS, etc. Since RAN1 also agreed that HARQ-ACK timing can be configured by either dynamic or semi-static manner, it can be assumed that some UEs use self-contained approach with fast HARQ-ACK timing and other UEs use relaxed HARQ-ACK timing. Once there are some UEs that the self-contained approach is not applied for, the forward compatibility benefit from the self-contained approach is practically no longer applicable. Regarding the latency, HARQ retransmission typically happens with probability of about 10%. Therefore, HARQ-ACK timing may not materially influence the average latency. Of course, this latency reduction may be meaningful for some low latency use cases, e.g., URLLC. 
Figure 2 illustrates detailed timing relationships for the self-contained approach. In order for this structure to be considered as feasible, guard time should be kept at a reasonable level. If the guard time overhead is too large, it will significantly degrade the system performance. This guard time at least consists of two times of propagation delay, UE processing time for decoding of DL data transmission (NR PDSCH), and UE processing time for encoding of UL HARQ-ACK (NR PUCCH). 
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Figure 2: Timing analysis for self-contained approach

Propagation delay
It is one of the NR design requirements that NR should support at least the same coverage with LTE and extended coverage is be also considered. Therefore, at least 100km cell size should be considered for NR. In that perspective, propagation delay could be up to 0.7ms considering both directions. Of course, normal cell size is much smaller than this and the corresponding propagation delay would be much smaller than 0.7ms, e.g., 1.4us for 100m cell. The support of self-contained approach is up to NW, so that cell size or UE location can be considered for the configuration of fast HARQ-ACK.

UE processing time for decoding of NR PDSCH
[bookmark: _GoBack]NR PDSCH decoding is the most complicated operation for a UE and this would occupy significant portion of the guard time. For the decoding of NR PDSCH, a UE needs to perform channel estimation, LLR generation, channel decoding, and finally CRC check sequentially. It is already agreed in RAN1#85 that DMRS for NR PDSCH can be located at the beginning of the time interval for NR PDSCH. If this front-loaded DMRS is used, channel estimation procedure can be completed before the end of the reception of NR PDSCH and then the channel estimation delay does not need to be counted in the UE processing time. However, depending on the UE status, e.g, UE speed, front loaded DMRS may not work correctly, so that additional DMRS is added inside the time interval of NR PDSCH and the channel estimation delay may be added to the UE processing time. Time for LLR generation may not be so large, but it may not be negligible especially when large amount of RBs are allocated for the NR PDSCH, e.g. approximately the whole system bandwidth. Decoding of NR PDSCH would be the most time-consuming operation. Decoding complexity depends on what coding scheme is used. However, regardless of the coding scheme for NR, it is obvious that the smaller the TBS is, the faster the NR PDSCH decoding is. Therefore, it should be assumed that self-contained operation only works with sufficiently small TBS. In addition to the TBS, the number of component carriers should be considered assuming that NR supports carrier aggregation. If a UE needs to receive NR PDSCH’s on multiple component carriers, this will also increase the processing time. Therefore, CA operation should be considered for the support of fast HARQ-ACK.

UE processing time for encoding of NR PUCCH
For the HARQ acknowledgement, it can be assumed that a few bits are sufficient (i.e. turbo encoding is not needed). In that case, encoding of HARQ-ACK is simple and the UE processing time for encoding is not significant. However, non-negligible preparation time is needed for the transmission of NR PUCCH, especially considering coverage and reliability aspects, and it needs to be counted for the UE processing time for self-contained approach.

HARQ-ACK timing issue was also extensively discussed during the LTE standardization phase. In LTE discussions, proposed UE processing time from multiple companies ranges from 1.5ms to 2.5ms as given in [2]. Those values are too big to be applied for self-contained approach. Considering the smaller cell size, front-loaded RS as well as the improvement of the implementation techniques, UE processing time can be significantly reduced compared to LTE. However, in order to support the self-contained structure efficiently, the guard time should be less than a reasonable value, e.g., less than 3 OFDM symbols. It is proposed that if self-contained structure is introduced for NR, thorough analysis is first performed on the conditions for realizing a reasonable guard time as discussed above. 
Conclusions
This contribution discussed the feasibility of self-contained approaches. For the self-contained approaches, the following should be considered. 

Proposal: 
· Benefits from self-contained structure should be clarified first before introducing it. 
· If self-contained structure is introduced for NR:
· Guard time should be kept in a reasonable level.
· To satisfy the guard time constraint, at least the following aspects should be considered.
· Cell size or UE location
· DMRS configuration
· Amount of allocated resources
· Channel coding scheme
· TBS
· Support of carrier aggregation
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