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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 slot format for different SCS and give our analysis for the number of HARQ process and K1 value for different slot formats and subcarrier spacing types considering the close relationship between them.
2   Discussion

The number of HARQ process and the corresponding K1 value are strictly related to the slot format and subcarrier spacing and should be configured in the test setup, so we need to consider them case by case and give the corresponding values. 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
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. 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. 

If 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, i.e. release the soft buffer in case of successful transmission in previous HARQ process. Also we observed that there is very low probability to occur that all HARQ processes fail to decode the received PDSCH data.
Proposal 1: Real gNB processing time should be considered in the test setup to make the test more practical and meaningful.
Proposal 1a: Maximum number of HARQ processes should be considered in the test setup.
2.1   15kHz SCS
2.1.1   Slot format DDDSU
For 15kHz SCS, the slot format = {DDDSU} with S = {D12, G1, U1} was agreed, but in LTE, typical special subframe configuration 7 of {D10, G2, U2} is using in the real network, this configuration can ensure enough coverage and limited DL capability loss at the same, considering the coexistence with LTE, we propose to use the same special slot configuration for NR.

The possible HARQ timing can be: 
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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, at least we should support 10 HARQ processes for the UL/DL configuration aligned with LTE UL/DL configuraion#2, from the HARQ timing shown in Figure 2, the corresponding K1 values can be {2, 3, 4, 6}.

Proposal 2: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 15kHz subcarrier spacing.
2.2   30kHz SCS
As discussed in general part, the real gNB processing time and transmission delay should be taken into account. For LTE, the HARQ timing between PUCCH/PUSCH and HARQ-ACK is n+4 for 15kHz subcarrier spacing; In NR, for 30kHz subcarrier spacing, even consider faster processing, but NR gNB faces more complex scenarios handling, the overall processing time cannot be considered as equal as single UE, here we would like to consider n+7 for 30kHz SCS for the HARQ processing time.
2.2.1   Slot format DDDSU

By considering n+7 gNB processing time, we give the following HARQ timing for slot format DDDSU as shown below Figure 3:
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Figure 3: HARQ timing for slot format {DDDSU} for 30kHz SCS
From the HARQ timing shown in Figure 3, the number of HARQ process is 9, the K1 values can be {2, 3, 4, 6}. But as per core specification TS 38.331, only n10 can be selected, i.e. 10 HARQ processes:
PDSCH-ServingCellConfig ::= 


SEQUENCE {


codeBlockGroupTransmission



SetupRelease { PDSCH-CodeBlockGroupTransmission }





OPTIONAL,
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}
We propose to use the same special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} for 30kHz subcarrier spacing.
Proposal 3: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 30kHz subcarrier spacing.
2.2.2   Slot format DDDDDDDSUU

Also by considering n+7 gNB processing time, we give the following HARQ timing for slot format DDDDDDDSUU as shown below Figure 4:
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Figure 4: HARQ timing for slot format {DDDDDDDSUU} for 30kHz SCS
From the Figure 4, we can know that at least 13 HARQ processes are needed, but from core specification TS 38.331, we can know that only n16 is available when the number of HARQ process exceed 12, so only 16 HARQ processes can be selected. K1 values can be selected from {2, 3, 4, 5, 6, 7, 8}.

RAN4 agreed to use special slot format {D4,G6,U4} for UL/DL configuration{DDDDDDDSUU} for 30kHz subcarrier spacing, for demodulation performance requirements, we can use the same special slot format.

Proposal 4: Use special slot format {D4, G6, U4} for UL/DL configuration{DDDDDDDSUU} with 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for 30kHz subcarrier spacing.

2.3   60kHz SCS
2.3.1   Slot format DDDSU
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 n+8 slots gNB processing time. The related K1 values can be {2, 3, 4, 6}.

We propose to use the same special slot format {D10,G2,U2} for UL/DL configuration {DDDSU} for 60kHz subcarrier spacing as did for 15kHz and 30kHz subcarrier spacing.

Proposal 5: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 60kHz subcarrier spacing.
2.4   120kHz SCS
2.4.1   Slot format DDDSU
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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.

The special slot format also can use {D10, G2, U2} for 120kHz subcarrier spacing with UL/DL configuration {DDDSU}.
Proposal 6: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 16 HARQ processes and K1 = {2, 3, 4, 6} for 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 1a: Maximum number of HARQ processes should be considered in the test setup.
Proposal 2: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 15kHz subcarrier spacing.
Proposal 3: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 30kHz subcarrier spacing.
Proposal 4: Use special slot format {D4, G6, U4} for UL/DL configuration{DDDDDDDSUU} with 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for 30kHz subcarrier spacing.

Proposal 5: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with 10 HARQ processes and K1 = {2, 3, 4, 6} for 60kHz subcarrier spacing.
Proposal 6: Use special slot format {D10 ,G2, U2} for UL/DL configuration {DDDSU} with 16 HARQ processes and K1 = {2, 3, 4, 6} for 120kHz subcarrier spacing.
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FR1: (Test set-up)


15 kHz: DDDSU(aligned with LTE config#2 with 5ms periodicity)


S = 12D+1Gp+1U


Candidate options for initial simulation alignment purpose:


FR1 15 kHz: 


DDDSU(aligned with LTE config#2 with 5ms periodicity)


S = 12D+1Gp+1U


(FR1 30 kHz):


DDDSU 


7D1S2U 


DSSU


FR2 60 kHz: 


DDDSU


FR2 120 kHz: 


DDDSU


DSDSU


TDD configurations for performance requirements can be different with initial alignment simulations assumption








