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1 Introduction
In 3GPP RAN1#85, the following agreements are achieved regarding to the timing relationship for frame structure.

· 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 applicability

This paper first investigates the potential impacts on UE complexity for different timing relationship and then provides our views on the values of X and Y, timing relationship for NR frame structure and design considerations to support self-contained operation. 
2 Discussion
2.1 Complexity Analysis for Different Timing Relationship
Though there was discussion on potential UE complexity impacts in 3GPP RAN1#85, it was concluded that further evaluation is needed.  Based on the conclusion, this section provides the complexity analysis and proposes the minimal UE processing time.  Since current state-of-the-art cell phones is LTE UE DL Category 12 (peak data rate is 600Mbps), it is suggested to use it for the complexity benchmarking with NR, considering different timing relationship.  For simplicity, the following complexity analysis is mainly based on the processing capability for the DL channel decoding because the required hardware for the DL channel decoding usually dominates the UE hardware complexity.  The peak data rate considered for NR is 5Gbps.  The considered timing relationship for NR is shown as follows.
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Option #1: Subframe N→ N+2 Option #2: Subframe N→ N+4


Figure 1. Illustration of cross-subframe timing relationship
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Figure 2. Illustration of self-contained operation w/wo the support of on-the-fly decoding

· Option #1: Timing relationship between DL data reception and its corresponding acknowledgement is Subframe N→N+2 as shown in Figure 1
· Option #2: Timing relationship between DL data reception and its corresponding acknowledgement is Subframe N→N+4 as shown in Figure 1
· Option #3: Timing relationship between DL data reception and its corresponding acknowledgement is Subframe N→N without support of on-the-fly decoding as shown in Figure 2
· Option #4: Timing relationship between DL data reception and its corresponding acknowledgement is Subframe N→N with support of on-the-fly decoding as shown in Figure 2
For NR, 60KHz subcarrier spacing with 0.125ms subframe time length are assumed.  In Option #1 & #2, the maximal allowable UE processing time is larger than 1 subframe so the required UE processing capability for the DL channel decoding can be optimized to meet the peak bit rate.  In Option #3, the maximal allowable UE processing time is around 17.84µs so the required UE processing capability for the DL channel decoding can be calculated as (5Gbps × 0.125ms / 17.84µs) = 35.034Gbps.  In Option #4, the maximal allowable UE processing time is around (4 × 17.84µs) = 71.36µs so the required UE processing capability for the DL channel decoding can be calculated as (5Gbps × 0.125ms / 71.36µs) = 8.758Gbps.  Table 1 shows the complexity benchmarking between LTE UE DL Category 12 and NR, assuming small cell radius, e.g. deployments with ISD 500m or less.  If cell radius grows, the complexity increase for Option #3 & #4 could get larger.  According to Table 1, compared to LTE UE DL Category 12, Option #3 and #4 require over 10-time hardware complexity increase at the UE side.  From our views, a more reasonable complexity increase at UE side should be proportional to the peak bit rate increase, i.e. 8.333.
Table 1.  Complexity benchmarking between LTE UE DL Category 12 (600Mbps) and NR (5Gbps)
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LTE 600Mbps 600Mbps 1

NR (Option#1) 5Gbps 5Gbps 8.333

NR (Option#2) 5Gbps 5Gbps 8.333

NR (Option#3) 5Gbps 35.034Gbps 58.390

NR (Option#4) 5Gbps 8.758Gbps 14.597


To determine the suggested values for X and Y in the agreements in 3GPP RAN1#85, more detailed processing components need to be considered.  From our views, the following processing components should be considered for DL data decoding and UL data encoding.

· DL data processing components for processing time calculation
· DL scheduler decoding and parsing

· Inner receiver processing (e.g. FFT and channel estimation etc.)

· DL channel decoding

· Processing for acknowledgement transmission in UL

· UL data processing components for processing time calculation
· UL grant decoding and parsing

· UL channel encoding

· Inner transmitter processing

From our views, 125µs processing time is a reasonable estimation for the DL channel decoding, assuming 0.125ms subframe time length in NR.  Additional 35us should be added to accommodate the latency due to inner receiver processing (e.g. FFT and channel estimation etc.) & processing for acknowledgement transmission in UL.  Since DL scheduler decoding and parsing can be done while receiving DL data, it can be assumed to be completed before the end of data transmission if TDM between physical DL control channel and physical DL data channel as shown in Figure 1 and Figure 2 is assumed.  Therefore, for eMBB, the suggested value for X is ≥ 160µs, assuming deployments with ISD 500m or less.
For the time separation, Y, between the end of UL grant transmission and the beginning of the corresponding uplink data transmission, it could be smaller than X because the processing time of encoding is usually shorter than decoding.  However, the latency due to UL grant decoding & parsing and inner transmitter processing need to be considered so 160µs is also a good estimation.  Therefore, for eMBB, the suggested value for Y is ≥ 160µs.
Proposal #1: For eMBB, the time separation, X, between the end of the DL data transmission and the beginning of corresponding acknowledgement reporting should be ≥ 160µs.
Proposal #2: For eMBB, the time separation, Y, between the end of UL grant transmission and the beginning of the corresponding uplink data transmission should be ≥ 160µs.
2.2 Proposed Timing Relationship

In 3GPP RAN1#85, the following timing relationships are agreed to be indicated to a UE dynamically and/or semi-statically.

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission
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Figure 3. Example illustration for the timing relationship between DL data reception and corresponding acknowledgement, assuming subframe N→N+2+K

Though the above timing relationships can be changed dynamically and/or semi-statically, it just enables the scheduling flexibility for forward compatibility from system perspective and UE hardware design still needs to target at the shortest processing time.  Therefore, defining shortest processing time from the timing relationship for NR frame structure can provide clear hardware requirement for UE implementation.  According to the latency analysis in [1] and the UE complexity analysis in Section 2.1, the timing relationship of subframe N→N+2+K or subframe N→N+4+K, where K is signalled to a UE dynamically and/or semi-statically, can provide a reasonable trade-off between the latency requirement and UE complexity.  Figure 3 illustrates how the forward compatibility can be kept with the proposed timing relationship.

For the timing relationship between DL scheduler and its corresponding DL data, at least the timing relationship of subframe N→N should be supported.  For the support of a transport block across multiple subframes, other timing relationships could be considered to minimize the physical-layer control overhead.

Though DL URLLC doesn’t require self-contained operation to meet the latency requirement, according to [1], self-contained operation is beneficial for UL URLLC to meet the latency requirement.  Therefore, we propose to further evaluate the necessity of self-contained operation for URLLC.
Proposal #3: For eMBB, the following timing relationship should be the baseline.

· Timing relationship between DL data reception and its corresponding acknowledgement in UL: Subframe N→N+2+K or N+4+K, where K is signalled to a UE dynamically and/or semi-statically; FFS K values
· Timing relationship between UL assignment and its corresponding UL data transmission: Subframe N→N+2+K or N+4+K, where K is signalled in DCI; FFS K values

· Timing relationship between DL scheduler and its corresponding DL data: Subframe N→N
Proposal #4: For URLLC, further evaluate whether self-contained operation is necessary.
2.3 Design Considerations for Self-contained Operation
According to the UE complexity analysis in Section 2.1, compared to LTE UE DL Category 12, the minimal UE complexity increase to support self-contained operation (Option #4) is estimated to be 14.597 times, which is still higher than a more reasonable complexity increase, 8.333 times, from our perspectives.  According to Figure 2, Option #4 is assumed to support the following.
· Demodulation pilots for the physical DL data channel should be located at the beginning of the physical DL data channel but other additional demodulation pilots at later location are not precluded
· Coded bit to RE mapping should be frequency first and then time in DL data channel
In order to further reduce the UE complexity increase, the following should be considered additionally to support on-the-fly decoding in DL.
· Demodulation pilots for the physical DL control channel should be located at the beginning of the physical DL control channel
· It’s beneficial to reduce the processing time for physical DL control channel decoding/ parsing and thus allows more time for data decoding/encoding processing
· Decoding complexity of physical DL control channel should be reduced with high reliability, compared to LTE
· It’s also beneficial to reduce the processing time for physical DL control channel decoding/parsing and thus allows more time for data decoding/encoding processing
· Code block size should be equal to or less than 3000 bits

· Considering pipeline operation, the feasible processing time is actually bounded by the code block size, instead of transport block size.  To allow some time margin for inner receiver processing & acknowledgement transmission processing, it’s preferable that the code block size should be ≤ 3000 bits.
To support on-the-fly decoding in UL, the following should be considered additionally.
· Demodulation pilots for the physical UL data channel should be located at the beginning of the physical UL data channel but other additional demodulation pilots at later location are not precluded
· Coded bit to RE mapping should be frequency first and then time in UL data channel
· Code block size for UL data should be equal to or less than 3000 bits
Proposal #5: For self-contained operation, DL physical data channel structure should enable on-the-fly decoding with the following design considerations.
· Demodulation pilots for the physical DL control channel should be located at the beginning of the physical DL control channel.
· Decoding complexity of physical DL control channel should be reduced with high reliability, compared to LTE.
· Demodulation pilots for the physical DL data channel should be located at the beginning of the physical DL data channel but other additional demodulation pilots at later location are not precluded.
· Demodulation pilots for the physical UL data channel should be located at the beginning of the physical UL data channel but other additional demodulation pilots at later location are not precluded.
· Coded bit to RE mapping should be frequency first and then time in DL data channel.
· Code block size for DL data should be equal to or less than 3000 bits.
Proposal #6: For self-contained operation, UL physical data channel structure should enable on-the-fly encoding with the following additional design considerations.
· Demodulation pilots for the physical UL data channel should be located at the beginning of the physical UL data channel but other additional demodulation pilots at later location are not precluded.
· Coded bit to RE mapping should be frequency first and then time in UL data channel.
· Code block size for UL data should be equal to or less than 3000 bits.
3 Conclusion
Proposals are summarized as follows.
Proposal #1: For eMBB, the time separation, X, between the end of the DL data transmission and the beginning of corresponding acknowledgement reporting should be ≥ 160µs.
Proposal #2: For eMBB, the time separation, Y, between the end of UL grant transmission and the beginning of the corresponding uplink data transmission should be ≥ 160µs.
Proposal #3: For eMBB, the following timing relationship should be the baseline.

· Timing relationship between DL data reception and its corresponding acknowledgement in UL: Subframe N→N+2+K or N+4+K, where K is signalled to a UE dynamically and/or semi-statically; FFS K values
· Timing relationship between UL assignment and its corresponding UL data transmission: Subframe N→N+2+K or N+4+K, where K is signalled in DCI; FFS K values

· Timing relationship between DL scheduler and its corresponding DL data: Subframe N→N
Proposal #4: For URLLC, further evaluate whether self-contained operation is necessary.
Proposal #5: For self-contained operation, DL physical data channel structure should enable on-the-fly decoding with the following design considerations.

· Demodulation pilots for the physical DL control channel should be located at the beginning of the physical DL control channel.

· Decoding complexity of physical DL control channel should be reduced with high reliability, compared to LTE.
· Demodulation pilots for the physical DL data channel should be located at the beginning of the physical DL data channel but other additional demodulation pilots at later location are not precluded.

· Demodulation pilots for the physical UL data channel should be located at the beginning of the physical UL data channel but other additional demodulation pilots at later location are not precluded.

· Coded bit to RE mapping should be frequency first and then time in DL data channel.

· Code block size for DL data should be equal to or less than 3000 bits.

Proposal #6: For self-contained operation, UL physical data channel structure should enable on-the-fly encoding with the following additional design considerations.

· Demodulation pilots for the physical UL data channel should be located at the beginning of the physical UL data channel but other additional demodulation pilots at later location are not precluded.

· Coded bit to RE mapping should be frequency first and then time in UL data channel.

· Code block size for UL data should be equal to or less than 3000 bits.
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