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1. Introduction
In this contribution, we discuss the issue for TDD-FDD UL CA raised by R1-2309352 [1] and R1-2310345 [2]. The intention of this document is to address the issue.
2. Discussion of scheduling issue for TDD-FDD UL CA
In RAN1 #115, one way forward is drawn for the discussion about [1] and [2]:

Observation 1: In RAN1 #115, the following way forward is drawn for the discussion about [1] and [2]:
Agreement
To resolve the issue for TDD-FDD UL CA raised by R1-2309352 [1] and R1-2310345 [2], RAN1 strive to down-select option(s) among the following options in RAN1#115. 
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
· FFS: specification impact, corresponding RRC parameters, UE capability, which release(s) to be applied

In [1] and [2], it is observed that TDD+FDD UL CA with TDD as PCell has lower throughput than UL CA with FDD as PCell. The inferior UL throughput of TDD as PCell case is due to the scheduling restriction of the 38.213 [3] Clause 9 spec shown below, which imposes a restriction that SCell can not transmit PUSCH if multiple PUCCH needs to be multiplexed on it.
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Observation 2: In [1] and [2], it is observed that TDD+FDD UL CA with TDD as PCell has lower throughput than UL CA with FDD as PCell. The inferior UL throughput of TDD as PCell case is due to the scheduling restriction of the 38.213 [3] Clause 9 spec shown above, which imposes a restriction that SCell can not transmit PUSCH if multiple PUCCH needs to be multiplexed on it.

An example of such PUSCH scheduling restriction with TDD pattern “DDDDD DDFUU” on TDD PCell, and an FDD SCell is shown in Figure 1. The restriction is mainly due to the constraints of 3-bit PDSCH-to-HARQ_feedback in DCI 1_1 and no parallel PUSCH/PUCCH transmission in 5G eMBB.
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Figure 1. An example of PUSCH scheduling restriction with TDD pattern “DDDDD DDFUU” on TDD PCell, and an FDD SCell

Observation 3: An example of such PUSCH scheduling restriction with TDD pattern “DDDDD DDFUU” on TDD PCell, and an FDD SCell is shown in Figure 1. The restriction is mainly due to the constraints of 3-bit PDSCH-to-HARQ_feedback in DCI 1_1 and no parallel PUSCH/PUCCH transmission in 5G eMBB.

For the options listed in Observation 1, Option 1 and Option 2 both can resolve the issue in Observation 2, while Option 4 requires fallback DCI 1_0 or DCI 1_2 developed for URLLC feature, which may not be suited for 5G eMBB.

Observation 4: For the options listed in Observation 1, Option 1 and Option 2 both can resolve the issue in Observation 2, while Option 4 requires fallback DCI 1_0 or DCI 1_2 developed for URLLC feature, which may not be suited for 5G eMBB.

Upon comparison between Option 1 and Option 2, we have some observation on UE power consumption.

Observation 5: Option 2 may cause additional UE UL power consumption than Option 1. Looking again at Figure 1, it can be found that:
· For Option 1, UE only needs to transmit the PUSCH in red UL slot 
· The PUCCH in orange UL slot would be multiplexed into the PUSCH in red UL slot
· For Option 2, UE needs to transmit the PUSCH in red UL slot, PUCCH in orange UL slot, and PUCCH in yellow UL slot

Hence, we have the following proposal:

Proposal 1: For the options listed in Observation 1, RAN1 to down-select from Option 1 and Option 2. Option 1 can have some UE UL power consumption benefit, while both Option 1 and Option 2 can nicely address the issue mentioned in [1] and [2].
3. [bookmark: OLE_LINK203]Conclusion
In this contribution, we discuss the issue for TDD-FDD UL CA raised by R1-2309352 [1] and R1-2310345 [2] and have the following observations and proposals:

Observation 1: In RAN1 #115, the following way forward is drawn for the discussion about [1] and [2]:
Agreement
To resolve the issue for TDD-FDD UL CA raised by R1-2309352 [1] and R1-2310345 [2], RAN1 strive to down-select option(s) among the following options in RAN1#115. 
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
· FFS: specification impact, corresponding RRC parameters, UE capability, which release(s) to be applied

Observation 2: In [1] and [2], it is observed that TDD+FDD UL CA with TDD as PCell has lower throughput than UL CA with FDD as PCell. The inferior UL throughput of TDD as PCell case is due to the scheduling restriction of the 38.213 [3] Clause 9 spec shown above, which imposes a restriction that SCell can not transmit PUSCH if multiple PUCCH needs to be multiplexed on it.

Observation 3: An example of such PUSCH scheduling restriction with TDD pattern “DDDDD DDFUU” on TDD PCell, and an FDD SCell is shown in Figure 1. The restriction is mainly due to the constraints of 3-bit PDSCH-to-HARQ_feedback in DCI 1_1 and no parallel PUSCH/PUCCH transmission in 5G eMBB.

Observation 4: For the options listed in Observation 1, Option 1 and Option 2 both can resolve the issue in Observation 2, while Option 4 requires fallback DCI 1_0 or DCI 1_2 developed for URLLC feature, which may not be suited for 5G eMBB.

Observation 5: Option 2 may cause additional UE UL power consumption than Option 1. Looking again at Figure 1, it can be found that:
· For Option 1, UE only needs to transmit the PUSCH in red UL slot 
· The PUCCH in orange UL slot would be multiplexed into the PUSCH in red UL slot
· For Option 2, UE needs to transmit the PUSCH in red UL slot, PUCCH in orange UL slot, and PUCCH in yellow UL slot

[bookmark: OLE_LINK205]Proposal 1: For the options listed in Observation 1, RAN1 to down-select from Option 1 and Option 2. Option 1 can have some UE UL power consumption benefit, while both Option 1 and Option 2 can nicely address the issue mentioned in [1] and [2].
4. Reference
R1-2309352, “On HARQ-ACK feedback enhancements for TDD-FDD CA”, Samsung, Verizon, CATT, Ericsson, RAN1 #114bis
R1-2310345, “Scheduling restriction for FDD-TDD UL CA”, Ericsson, Verizon, RAN1 #114bis
3GPP TS 38.213 V17.7.0 5G; 	NR; Physical layer procedures for control

image1.png
Scheduling restriction:<
TS 38.213, Clause 9<





image2.png
K1=8

K1=7
K1=6
K1=5
K1=(3,4,5,6,7,8,9, 11} Ki=a
There are 8 K1 values, so the HARQ-ACK K1=3

of purple "D" slot can not be reported on
the orange "U" slot K1=3
(Other wise a 9th K1 value = 2 is needed)

v
PCell (TDD,30kiz) D DD [F [U[u DD D DD P JF [u]ulp o oD |
K1=11 K1=9 K1=7 K1=5 K1=3

| [ [
sceli@pD,1skizy [ D [ D [ D [ D [ D [ D [ D[ DJ[D] D]

[vv[uvluvluvlu v il vlu]

No PUSCH scheduled





