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1 Introduction
At the last RAN1 #89 meeting, the following was agreed:

	Agreements:
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y
· FFS: other conditions

· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account

· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

· FFS: down-selection of 8 or 16

· FFS: soft-buffer handling

· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 




In this contribution, we provide our preference for the down-selection of the maximum number of HARQ processes per carrier. In particular, we estimate the transport latency between a central unit (CU) and a distributed unit (DU) for a functional split according to Option 7 and recommend eight as the maximum number of HARQ processes for NR. In addition, we provide our views on the number of HARQ processes with in NR MIMO with multi codewords.
2 Remaining details on the number of HARQ processes in NR
RAN3 TR 38.801 [1] captures 8 functional split options between a central and distributed unit which are provided in Figure 1. Our preference is an asymmetric low split [2]. More specifically, we prefer Option 7-1 on uplink and Option 7-2 on downlink as depicted in Figure 2.

Due to multiple numerologies, the NR slot size and TTI duration can be as low as 62.5µs assuming 240 kHz subcarrier spacing. Transport requirements for any functional split at the PHY or lower L2 layers would correspondingly be scaled down in proportion to these much shorter slot/TTI durations. The wide range of TTI durations possible in NR for different combinations of subcarrier spacing, slot duration and level of slot aggregation is illustrated in Table 1 and TTI durations of less than 0.125 ms may be challenging at least in initial deployments.
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Figure 1: Possible functional splits between a central and distributed unit
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Figure 2: PHY split model

Table 1: Range of TTI durations possible in NR

	Subcarrier spacing [kHz]
	7.5
	15
	30
	60
	120
	240
	480

	Slot duration [symbols]
	7
	7
	7
	7
	14
	14
	14

	Slot duration [ms]
	1
	0.5
	0.25
	0.125
	0.125
	0.0625
	0.03125

	TTI duration, SA=1 [ms]
	1
	0.5
	0.25
	0.125
	0.125
	0.0625
	0.03125

	TTI duration, SA=2 [ms]
	2
	1
	0.5
	0.25
	0.25
	0.125
	0.0625

	TTI duration, SA=4 [ms]
	4
	2
	1
	0.5
	0.5
	0.25
	0.125

	SA = Slot Aggregation
	
	
	
	
	
	
	


In the subsequent transport latency analysis, we assume eMBB with interlaced HARQ. The roundtrip transport latency can then be calculated as two times the transport latency given by 

Roundtrip Transport Latency = 2*Tt = (N-2) TTTI – Tg – Tu

(1)

where the propagation delay over the air interface is neglected and Tt, N, TTTI , Tg and Tu are the transport latency, the number of configured HARQ processes per UE, the transmission time interval and processing delays at the CU and UE, respectively (cf. Figure 3). 

While no concrete numbers are available yet, it is safe to assume that NR will reduce the processing time compared to LTE. In addition to more efficient hardware implementations, the NR design has been specifically tailored towards low latency applications as manifest in the NR frame structure or reference signal design. Notwithstanding, the actual processing times will also depend on UE capability. For the sake of this analysis, we will assume 2.5x, 5x and 10x improvements in processing latency when NR is compared to LTE with a worst case baseline of 3ms for LTE. In other words, our analysis is somewhat conservative. 

With these assumptions, we can then plot the required roundtrip transport latency as a function of the TTI duration for different processing latencies and number of HARQ processes using (1). Assuming a minimum required roundtrip transport latency will yield the minimum number of HARQ processes that should be supported for functional split option 7 and in accordance with the results in Figures 4, 5, 6 we conclude that support of eight HARQ processes in NR is sufficient. 

Proposal 1: Maximum number of HARQ processes per carrier supported in NR is 8 
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Figure 3: Transport latency estimation with interlaced HARQ
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Figure 4: Assume a 2.5x improvement in processing latency when comparing NR to LTE
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Figure 5: Assume a 5x improvement in processing latency when comparing NR to LTE
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Figure 6: Assume a 10x improvement in processing latency when comparing NR to LTE

3 HARQ processes for Multi Codeword MIMO
In the above section, we assumed single codeword MIMO for our analysis. However, it was already agreed to support two codewords when the transmission rank is greater than 4.  In this case, we envision two design options for indicating the HARQ processes for the second codeword.  Note that in both the design options, we assume the gNB is receiving separate HARQ-ACK for each codeword.
· Option 1: Independent HARQ processes for the second codeword:  In this option, the second codeword will have a separate HARQ processes number and is explicitly indicated in the downlink control channel. The advantage of this method is it gives full flexibility to the scheduler.  However, the drawback is an extra overhead due to the second HARQ processes number indication. 
· Option 2: Same HARQ processes as that of the first codeword: In this option, the second codeword will always have the same HARQ process number as that of the first codeword.  Hence there is no additional overhead in the downlink control channel. However, the scheduler needs to restrict transmissions when one codeword fails. Since it is already agreed to have two new data indicators for each codeword, we can minimize the impacts of scheduler restriction with new data indicator for the second codeword. 
Proposal 2: In multi codeword MIMO, the HARQ processes number for the second codeword is not explicitly indicated in the DCI.
4 Conclusion

In this contribution, we estimated the transport latency between a central unit (CU) and a distributed unit (DU) for a functional split according to Option 7. We conclude that support of eight HARQ processes in NR is sufficient.
Proposal 1: Maximum number of HARQ processes per carrier supported in NR is 8
Proposal 2: In multi codeword MIMO, the HARQ processes number is not explicitly indicated in the DCI.
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