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1   Background
As per the agreements made in WF[1], the following agreements and open issues were listed for NR UE REFSENS:  
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In this contribution, we share our views on the specific number of HARQ process and K1 value for each subcarrier spacing types based on the agreed slot formats.
2   Discussion

The number of HARQ process and the corresponding K1 value are strictly related to the slot format and subcarrier spacing, so we need to consider them case by case. Generally the processing time for both UE and gNB, the transmission delay between the BBU and RRU and the air interface delay between UE and gNB need to be taken into account, a schematic diagram is shown below:
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Figure 1: Downlink and Uplink process schematic diagram
Even like company said, RAN4 just needs to consider the test scenario, i.e. no air transmission delay because of direct connection between TE and UE, and just leave one slot for TE to process the received HARQ-ACK and prepare and transmit the next available PDSCH data. But we think all kinds of practical factors need to be considered during the test setup to ensure the UE that passes the related test still can meet the real network requirements and make the test setup more practical and meaningful.
In the real network, gNB needs to support multiple cells and handles thousands of users, the gNB processing time cannot be simply thought as equal as UE, moreover in case of long fronthaul distance (such as 20km), more gNB processing time is needed. Even UE is configured with the maximum number of HARQ process, it still can handle the received PDSCH data with less number of HARQ processes by reusing the HARQ soft buffer, release the soft buffer in case of successful transmission in previous HARQ process and no HARQ retransmission and combination considered. 

Proposal 1: Real gNB processing time should be considered in the test setup to make the test more practical and meaningful.
2.1   15kHz SCS

For 15kHz SCS, the slot format = {DDDSU} with S = {D10, G2, U2}, 8 HARQ processes was agreed. The specific K1 value is to be decided. 
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Figure 2: HARQ timing for slot format {DDDSU} for 15kHz SCS

For LTE the maximum number of HARQ processes is 10 for TDD UL/DL configuration#2. For NR, if we consider to use 8 HARQ processes for the similar UL/DL configuration as LTE UL/DL configuraion#2, the corresponding gNB processing time is n+6, from the HARQ timing shown in Figure 2, we can know the 8 HARQ processes for slot pattern of {DDDSU} for 15kHz SCS is applicable, the corresponding K1 values can be {2, 3, 4, 6}.
Proposal 2: Select 8 HARQ processes and K1 = {2, 3, 4, 6}for slot format {DDDSU} for 15kHz subcarrier spacing.
2.2   30kHz SCS
For 30kHz SCS, the slot format = {DDDDDDDSUU} with S = {D6, G4, U4} was agreed, the corresponding HARQ timing can be as below:
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Figure 3: HARQ timing for slot format {DDDDDDDSUU} for 30kHz SCS
In LTE, the timing between PDSCH and corresponding HARQ-ACK feedback is n+4; the timing between PUSCH and corresponding HARQ-ACK is also n+4; that means the next transmission can occur in n+8 subframe for 15kHz subcarrier spacing. In NR, for 30kHz subcarrier spacing, considering the quicker processing, we can still assume that 6~8 slots processing time and transmission delay for the next available transmission regardless of new transmission or retransmission. Figure 3 shows the HARQ timing n+7 for the next available transmission for HARQ process 1, we can know that at least 13 HARQ processes are needed, but from core specification TS 38.331:
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SEQUENCE {


codeBlockGroupTransmission



SetupRelease { PDSCH-CodeBlockGroupTransmission }





OPTIONAL,
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,
-- Cond SCellAddOnly
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}
We can know that only n16 is available when the number of HARQ process exceed 12, so only 16 HARQ processes can be selected.
From the HARQ timing shown in Figure 2, K1 values can be selected from {2, 3, 4, 5, 6, 7, 8}.

Proposal 3: Select 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for slot format = {DDDDDDDSUU} with 30kHz subcarrier spacing.
2.3   60kHz SCS

For 60kHz SCS in both FR1 and FR2, generally the slot format = {DDDSU} with S = {D6, G4, U4} and 8 HARQ processes was agreed in RAN4#87 Busan meeting.
As per the analysis for 30kHz subcarrier spacing, at least 6~8 slots are needed for BS processing time and transmission delay, so more slots are needed for 60kHz SCS, we can consider to use 8 slots.
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Figure 4: HARQ timing for slot format {DDDSU} for 60kHz SCS

From the HARQ timing shown in Figure 4, we can know that 10 HARQ processes are needed for slot format {DDDSU} for 60kHz subcarrier spacing considering 8 slots gNB processing time. The related K1 values can be {2, 3, 4, 6}.

Proposal 4: Select 10 HARQ processes and K1 = {2, 3, 4, 6}for slot format {DDDSU} for 60kHz subcarrier spacing.
2.4   120kHz SCS
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Figure 5: HARQ timing for slot pattern {DDDSU} for 120kHz SCS
Also follow the same logic for 30kHz subcarrier spacing, for 120kHz subcarrier spacing, the processing time and transmission delay at least should be doubled, i.e. n+12/14/16. We can consider the shortest processing time 12 slots as example, as shown in Figure 5 for the corresponding HARQ timing, at least 13 HARQ processing is needed, so only n16 can be selected as per the core specification TS 38.331.
K1 values can be selected from {2, 3, 4, 6} from Figure 5.

Proposal 5: Select 16 HARQ processes and K1 = {2, 3, 4, 6} for slot format = {DDDSU} with 120kHz subcarrier spacing.
3   Proposals
In this contribution, we analyses the number of HARQ processes and corresponding K1 values for the different slot formats for NR UR REFSENS, and give our proposals:

Proposal 1: Real gNB processing time should be considered in the test setup to make the test more practical and meaningful.

Proposal 2: Select 8 HARQ processes and K1 = {2, 3, 4, 6}for slot format {DDDSU} for 15kHz subcarrier spacing.
Proposal 3: Select 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for slot format = {DDDDDDDSUU} with 30kHz subcarrier spacing.
Proposal 4: Select 10 HARQ processes and K1 = {2, 3, 4, 6}for slot format {DDDSU} for 60kHz subcarrier spacing.
Proposal 5: Select 16 HARQ processes and K1 = {2, 3, 4, 6} for slot format = {DDDSU} with 120kHz subcarrier spacing.
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Note: Agreed / not agreed


Common for FR1 and FR2


K0 = 0 for all SCSs


 For K1 values:


Fixed K1 values in the specification only for testing purpose


Exact K1 values will be discussed and decided in the next July ad-hoc meeting
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For 30kHz SCS in FR1


Slot format = {DDDDDDDSUU}


S = {D6, G4, U4}


HARQ process:


Alt.1. 16 process


Alt.2. 8 process for REFSENS and 16 process will be discussed in UE demod test





For 60kHz SCS in FR1


{DDDSU} with 1.25 ms is agreed as working assumption 


{DDSU} with 1 ms if Rel.15 RAN2 spec does not allow this configuration before July RAN4 ad-hoc meeting 


S = {D6, G4, U4}


HARQ process is 8





For 60kHz SCS in FR2


Slot format = {DDDSU} 


S ={D4, G6, U4}


Number of HARQ


8





For 120kHz SCS in FR2


Slot pattern = {DDDSU}


S ={D10, G2, U2}


Other configuration will be discussed in UE demodulation requirements


Number of HARQ process


Opt.1: 8


Opt.2: 16














