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1. Introduction

At the last meeting, the WF for TDD configuration for REFSENS was approved [1]. Based on this WF, TDD configuration (UL/DL pattern), HARQ timing related parameters (K0, K1) and the maximum number of HARQ process need to be decided by the May meeting to finalize the RMC of REFSENS requirements. In this contribution, we provide our views on those parameters for FR1 and FR2, respectively.
2. FR1
2.1 TDD configuration

For FR1, using semi-static TDD configuration was approved. For 15kHz SCS, an aligned TDD configuration with UL/DL configuration #2 in LTE was approved, but it is still open for 30kHz and 60kHz SCS. For 30kHz SCS, the following four alternatives were approved in [1].
1. {0, 31, 0, 41}
2. Aligned with LTE config #2 
3. {0, 0, 0, 32, 1} with 2.5m periodicity
4. {0, 0, 0, 12, 1} with 2.5m periodicity
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Fig.1 Alternatives of TDD configuration for 30kHz SCS
We believe that the best choice for 30kHz is Alt.2, i.e. aligned TDD configuration with LTE configuration #2 due to the following reasons. In intra-band and some inter-band EN-DC combinations, simultaneous Tx and Rx between LTE and NR carriers will not be supported due to RF issues (e.g. interference within UE or to other UEs). For DC_42_n79, for example, simultaneous Tx and Rx might be difficult to avoid significant performance degradation of DL performance due to blocking and etc, as follows. 
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Fig.2 Simultaneous Tx and Rx for DC_42_n79

In such combinations, TDD configuration shall be aligned between LTE and NR carriers. According to the discussion in UE RF requirements, it would be challenging to consider simultaneous Rx /Tx for DC combinations among FR1 NR bands (n77, n78 and [n79]) and LTE B42, therefore TDD configuration shall be aligned between NR and LTE in such combinations. In LTE side, TDD configuration #2 (DDDSU with 15kHz SCS) has been widely utilized, hence it would be reasonable to have Alt.2 (aligned with LTE config #2) for NR side. In addition, such restriction of TDD configuration applies not only for EN-DC but also for NR CA. For CA_n77-n79, for example, TDD configuration would need to be aligned between n77 and n79 due to the similar reason. In UE feature list in RAN4 [2], both UE capabilities of simultaneous Rx/Tx  for EN-DC and NR CA was already introduced (simultaneousRxTxInterBandENDC and simultaneousRxTxInterBandCA in TS38.306), and RAN4 will identify the band combinations where simultaneous Tx/Rx are mandatory according to the agreed WF [3]. Considering the above situation, it would be reasonable to choose suitable TDD configuration for each scenario as Table 1, and Alt.2 shall be applied at least for EN-DC and NR CA combinations where simultaneous Rx/Tx is not supported.
Table 1. REFSENS TDD configuration for each scenario
	Subcarrier spacing
	Single carrier
	EN-DC combinations
	NR CA combinations

	Simultaneous Tx/Rx
	-
	No
	Yes
	No
	Yes

	15kHz
	aligned LTE config #2 was agreed

	30kHz
	
	Alt.2
	
	Alt.2
	

	60kHz
	
	
	
	
	


Proposal 1. At least for 30kHz SCS, Alt.2 (aligned with LTE config #2 with 5m periodicity) shall be applied to EN-DC/NR CA combinations not supporting simultaneous Tx and Rx. 
2.2 HARQ and scheduling related parameters

As agreed, HARQ timing and scheduling related parameters (K0, K1 and max number of HARQ process) need to be determined on top of the TDD configuration. First, K0 = 0 should be agreed without square bracket since it is typical operation for NR and LTE. K0 > 0 can be verified in UE demodulation requirements to have better test coverage if necessary, but K0 = 0 would be sufficient for the REFSENS requirements. Next, our proposal for K1 values for Alt.2 with 30kHz SCS is as follows.
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Fig.3 A/N report timing for Alt.2 with 30kHz SCS
Finally, the maximum number of HARQ process should be set to 16. Even though no HARQ retransmission is assumed for REFESNS, the realistic HARQ timing and process should be considered for the realistic NW operation. When considering HARQ process = 8, allowed processing delay at the gNB side for the retransmission is 1ms at maximum as follows.
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Fig. 4 HARQ retransmission timing for Alt.2 assuming HAQR process = 8
The gNB needs to monitor/decode uplink physical channels for all UEs, and also need to determine user scheduling for downlink resources based on reported A/N and CSI. Considering this operation and realistic processing delay at gNB side, allowing only 1ms of processing delay for the retransmission is very challenging for some gNBs, which requires HARQ process of 16. We would like to note that RAN1 agreed that up to 16 HARQ process is mandatory without UE capability (Component 5-1 in [4]]). Hence all UEs shall support up to 16 HARQ process.
Proposal 2: For REFSENS requirement in FR1, K0 value should be set to 0. For Alt.2 with 30kHz SCS, K1 values should be set to as follows.
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Proposal3: Max number of HARQ process for Alt.2 with 30kHz SCS should be set to 16 considering realistic processing delay at gNB side.
3. FR2

At the last meeting, the discussion on TDD configuration for FR2 was postponed to wait for the conclusion on RACH configuration in RAN1. In this section, we provide our views on FR2 assuming SCS = 120kHz.

3.1 TDD configuration

Our proposal of TDD configuration with 120kHz SCS is as follows.
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There are three motivations for this configuration as follows.
1. Fast UL transmission for URLLC type service (UL resources in Slot #1 and 3)
2. UL resource which collides SSB resource can be minimized
3. Optimization for analog beam forming 
For URLLC type service, UL transmission delay due to TDD operation should be minimized. For this purpose, the short UL resources are inserted in the slot #1 and #3 (motivation #1). The second motivation is to minimize the collision between SSB and UL resources. According to the RAN1 specifications, if SSB (in DL) collides UL resources, SSB transmission is prioritized and any uplink signal cannot be transmitted in such UL resources. To keep sufficient amount of UL resources, it is essential to minimize such collisions as much as possible. As shown in Fig.5, the collisions can be almost minimized by the proposed TDD configuration. 
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Fig. 5. Collisions between SSB and UL resources in FR2

The last motivation is for optimization for analog beam forming in FR2. In FR2, analog beam forming would be widely utilized, and to maximize the number of multiplexed users, mini-slot based scheduling, i.e., scheduling type A/B with several OFDM symbols, would be also utilized. A different analog beam direction can be configured to each of the mini-slots, hence it is strongly required to align the number of the DL and UL mini-slots and for the each pair to have one-to-one beam correspondence. Specifically, if DL mini-slot = 4 OFDM symbols and UL mini-slot = 2 OFDM symbols, then the number of DL and UL mini-slot in our proposed TDD configuration are nine and eight as shown in Fig.6. Each DL mini-slot requires at least one UL mini-slot for A/N report, therefore the beam direction between DL mini-slot and corresponding UL mini-slot should be aligned. For such reason, the number of DL/UL mini-slot should be aligned, and similar number can be achieved by proposed TDD configuration.
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Fig.6. Mini-slot based scheduling (DL mini-slot = 4 symbols, UL mini-slot = 2 symbols)
Proposal 4: The following TDD configuration should be applied for FR2 REFSENS requirements with 120kHz SCS.
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3.2  HARQ and scheduling related parameters
Similar to FR1, the K0 value should be set to 0. The K1 values assuming the proposed TDD configuration and mini-slot based scheduling are shown in Fig.7. The maximum number of for this configuration should be set to 16 as similar reason in FR1.
 [image: image10.emf]#0 #1 #2 #3 #4

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

#0 #1 #2 #3 #4 #0 #5 #6 #7 #8 #9 #1 #2 #3 #4 #5 #6 #7 #8

slot

#5 #6 #7 #8 #9

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

#0 #1 #2 #3 #4 #0 #5 #6 #7 #8 #9 #1 #2 #3 #4 #5 #6 #7 #8

K1=4

K1=3

K1=2

K1=3

K1=5


Fig.7 A/N report timing with 120kHz SCS

Proposal 5: For REFSENS requirement in FR2, K0 value should be set to 0. For the proposed TDD configuration, K1 values should be set to as follows.
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Proposal 6: Max number of HARQ process for the proposed TDD configuration should be set to 16 considering realistic processing delay at gNB side.
On the other hand, as mentioned above, multiple SSB with different beam direction would be widely utilized in FR2, and any UL signals including A/N report cannot be transmitted in the UL resources which collides SSB in DL. Hence, one issue to be resolved is how to configure K1 values in the DL/UL slots in which the SSB burst exists. In this case, we can take two options as follows.

1. Any DL/UL data are not scheduled during SSB burst

2. Different K1 configurations between the resources with and without SSB burst 

Option 1 is very simple, but we prefer to take option 2 to maximize the spectrum sufficiency. In this case, the following K1 values could be considered, and the difference from the normal K1 configuration is that K1 = 6 needs to be considered.
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Fig.8 A/N report timing with 120kHz SCS in SSB burst

Proposal 7: K1=6 should be tested on top of proposal 5 in order to maximize spectrum efficiency during SSB burst like Fig.8.
4. Conclusion
In this contribution, we provide our views on TDD configuration and related parameters for FR1 and FR2 REFESNS, respectively. Our proposals are summarized below.
For FR1:

Proposal 1. At least for 30kHz SCS, Alt.2 (aligned with LTE config #2 with 5m periodicity) shall be applied to EN-DC/NR CA combinations not supporting simultaneous Tx and Rx.
Proposal 2: For REFSENS requirement in FR1, K0 value should be set to 0. For Alt.2 with 30kHz SCS, K1 values should be set to as follows.
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Proposal3: Max number of HARQ process for Alt.2 with 30kHz SCS should be set to 16 considering realistic processing delay at gNB side.
For FR2:
Proposal 4: The following TDD configuration should be applied for FR2 REFSENS requirements with 120kHz SCS.
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Proposal 5: For REFSENS requirement in FR2, K0 value should be set to 0. For the proposed TDD configuration, K1 values should be set to as follows.
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Proposal 6: Max number of HARQ process for the proposed TDD configuration should be set to 16 considering realistic processing delay at gNB side.

Proposal 7: K1=6 should be tested on top of proposal 5 in order to maximize spectrum efficiency during SSB burst like Fig.8.
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