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1 Introduction

In RAN1#86bis meeting [1], it was agreed that:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
In this contribution, we address some considerations on UL control channel in terms of joint UCI feedback for NR CA and DC.
2 Discussion
In current LTE CA and DC, joint UCI (e.g. HARQ-ACK, CSI, SR) for the configured or scheduled serving cells in one cell group is transmitted only on one carrier, and maximum of two cell groups can be configured. In NR, there are two approaches for the UCI feedback in CA and DC:
· Alt 1 (per carrier feedback): UCI is separately transmitted on each UL carrier.
· Alt 2 (joint UCI feedback): joint UCI for multiple carriers is transmitted on one carrier.
· Alt 2-1: Only one of the UL carriers could transmit the joint UCI.
· Alt 2-2: Different UL carriers can carry joint UCI for different sets of DL carriers
In LTE massive CA, up to 32 carriers could be aggregated, and possibly even more carriers would be supported in NR. However, due to the limitation of UE capability, the number of supported UL carriers is usually smaller than that of DL carriers. Consequently, each DL carrier may not have its own corresponding UL carrier to carry UL control channel. 
In Alt 1, UL control channel may be simultaneously transmitted on all the UL carriers. Since the UL power is limited, the total power of the UL carriers for the UE may exceed the maximum UE power, leading to power scaling down for each UL control channel. While in Alt 2, the number of UL control channel transmitted simultaneously is small, e.g. one in Alt 2-1 and more than one in Alt 2-2, the required power for UL control channel could be satisfied. Furthermore, since more UCI bits for multiple carriers can be transmitted on one UL carrier in Alt 2 as compared to that in Alt 1, more coding gains could be obtained in Alt 2.
As described in [2], high frequency (HF) can be deployed in dense urban scenario and at the same time with an overlaid deployment with low frequency (LF). However, the HF link fragility is always a concern due to sever path loss and random blockages. Therefore, it is challenging to design robust control channels for HF in the standalone mode. On the contrary, as shown in Figure 1, LF can provide more robust communication since LF is less susceptible to path loss and blockage. Therefore, joint UCI for LF and HF carriers transmitted on LF carrier to provide reliable control information could be considered. 
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Figure 1 Two layer LF and HF scenario with ideal and non-ideal backhaul

Considering the difference of transmission time granularity in NR, whether to support joint UCI feedback in certain NR DC scenarios could depend on the exact time of the backhaul delay. For small backhaul delay, joint UCI feedback could be considered. While joint UCI feedback is not supported for large backhaul delay. Therefore, Alt 2-2 is preferred.
Proposal 1: Joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA and DC. The maximum number of carriers on which UCI is simultaneously transmitted should not be smaller than 2.
To simply the description in the following discussion, we consider P-Carrier and S-Carrier CA, and joint HARQ-ACK feedback is carried by the UL control channel on P-Carrier. Considering multiple numerologies for the two carriers, the following 3 cases should be considered.
· Case 1: Slot length of P-Carrier = Slot length of S-Carrier
· Case 2: Slot length of P-Carrier > Slot length of S-Carrier
· Case 3: Slot length of P-Carrier < Slot length of S-Carrier
[image: image2.wmf]D

P

-

Carrier

U

n

+

1

S

-

Carrier

n

+

1

D


Figure 2 HARQ-ACK timing for Case 1
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Figure 3 HARQ-ACK timing for Case 2 
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Figure 4 HARQ-ACK timing for Case 3
For the dynamically indicated HARQ-ACK timing between DL data reception and corresponding ACK/NACK of S-Carrier in Case 2 and Case 3, there are two alternatives:

· Alt 1: The HARQ-ACK timing is with respect to the slot duration of P-Carrier. As shown in Figure 3(a) and Figure 4(a), the slot of P-Carrier for HARQ-ACK feedback is indicated.

· Alt 2: The HARQ-ACK timing is with respect to the slot duration of S-Carrier. As shown in Figure 3(b) and Figure 4(b), the slot of S-Carrier is indicated, the relationship between the slot of P-Carrier for HARQ-ACK feedback and the indicated slot of S-Carrier should be predefined so as to determine the slot of P-Carrier for HARQ-ACK feedback.

As same in LTE, both dynamic HARQ-ACK codebook (according to the number of scheduled carriers) and semi-static HARQ-ACK codebook (according to the number of configured carriers) could be considered in NR.  For the HARQ-ACK codebook determination, impacts induced by multiple numerologies should be studied. For example, in Case 2 as depicted in Figure 3, since the slot duration of P-Carrier is multiple times longer than that of S-Carrier, large number of ACK/NACK bits for DL reception in multiple slots of S-Carrier may be sent in a slot of P-Carrier; in Case 3 as depicted Figure 4, due to the slot duration of P-Carrier is shorter than that of S-Carrier, small number of ACK/NACK bits for S-Carrier may be sent in a slot of P-Carrier.
Proposal 2: HARQ-ACK timing and HARQ codebook for CA and DC with multiple numerologies should be studied.
3 Conclusion
Proposal 1: Joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA and DC. The maximum number of carriers on which UCI is simultaneously transmitted should not be smaller than 2.
Proposal 2: HARQ-ACK timing and HARQ codebook for CA and DC with multiple numerologies should be studied.
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