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1 Introduction

In RAN1 #89 meeting, it has been agreed that
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC
In this contribution, we address some further considerations on NR carrier aggregation. 
2 Discussion

2.1 DL scheduling for multiple carrier operation
Firstly, high frequency (HF) can be deployed in dense urban scenario with an overlaid deployment with low frequency (LF) as shown in Figure 1. Note that HF link fragility is always a concern due to severe path loss and random blockages. Therefore, it is challenging to design robust control channels for HF in a standalone mode. On the contrary, LF can provide more robust communication since LF is less susceptible to path loss and blockages. Therefore, cross-carrier LF-assisted HF scheduling via CA should be supported to provide reliable control information delivery.
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Figure 1. Two layer LF and HF scenario with ideal and non-ideal backhaul
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Figure 2. Cross-carrier scheduling for LF-assisted HF scheduling
Secondly, it has been agreed that NR operation for LTE-NR coexistence with shared LTE UL is supported, i.e. NR UL transmission on NR-LTE shared UL frequency and NR DL transmission on NR HF DL [1]. Consequently, as given in Figure 3 cross-carrier scheduling for LTE-NR co-existence with shared LTE UL should be supported.
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Figure 3. Cross-carrier scheduling for LTE-NR co-existence with UL sharing
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Figure 4. An illustration of large HARQ timing delay based on cross-carrier scheduling
Note that usually different numerologies are used between LF and HF. Thus, to summarize, cross-carrier scheduling with multiple numerologies should be supported in NR CA/DC.
Thirdly, cross-carrier scheduling with considering the difference of transmission time granularity in NR, large HARQ timing delay for scheduled carrier in cross-carrier scheduling can be observed, as illustrated in Figure 4. Thereby, a joint consideration for both HARQ timing delay and backhaul delay is needed for cross-carrier scheduling. For smaller backhaul delay (exact value could be FFS) in DC, cross-carrier scheduling could be considered to achieve the benefits discussed above. 
Last but not least, as illustrated in Figure 5, the slot length of the LF carrier (Carrier 1) is longer than that of the HF carrier (Carrier 2), and one slot of Carrier 1 overlaps multiple slots of Carrier 2 in time domain. When Carrier 1 cross-carrier schedules Carrier 2 on a slot of Carrier 1, if only a single slot of Carrier 2 could be scheduled, multiple slots of Carrier 2 will not be scheduled. Therefore, cross-carrier multi-slots scheduling should be considered.
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Figure 5. Cross-carrier multi-slot scheduling in NR CA/DC
In RAN1#86bis, it has been agreed that NR supports at least same-slot and cross-slot scheduling for DL. If cross-carrier cross-slot scheduling is supported in NR CA, the timing relationship between DL grant and corresponding DL data reception could be with respect to the scheduled slot duration. Taken Figure 5 as an example, on slot n1 of Carrier 1, the DCI for Carrier 2 indicates the timing between DL grant and corresponding DL data reception is n+2, the UE will receive DL data on slot n2+2 of Carrier 2, where starting slot boundary of slot n2 of Carrier 2 is aligned with slot n1 of Carrier 1. 

Proposal 1: Cross-carrier scheduling with multiple numerologies and multi-slot scheduling should be supported in NR CA/DC.
It is also worth noticing that similar HF fragility problems are also concerns for data transmission.  In this case, to allow reliable retransmission of either downlink or uplink data on LF should also be taken into account. 
Proposal 2: Cross-carrier retransmission could be considered in NR CA/DC.

2.2 UCI feedback for multiple carrier operation
Similarly, LF can provide more robust communication for UCI feedback for HF transmission. Therefore, joint UCI for LF and HF transmission on LF to provide reliable control information could be considered. In another word, join UCI for carriers with different numerologies should be supported in NR CA and DC. However, taking into account 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.
To simplify 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
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Figure 6. HARQ-ACK timing for Case 1
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Figure 7. HARQ-ACK timing for Case 2 

[image: image8.emf]U

P-Carrier

n+2

S-Carrier

D

D

n+3

U

P-Carrier

n+1

S-Carrier

D

D

n+3

U

(a)

(b)

Joint UCI 

feedback

Joint UCI 

feedback


Figure 8. 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 6(a) and Figure 7(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 6(b) and Figure 7(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 7, 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 8, 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 3: Joint UCI feedback for carriers with different numerologies should be supported in NR CA and DC.
In LTE Rel-10 CA, joint UCI could only be transmitted on Pcell. In LTE Rel-13 massive CA and DC, maximum of two cell groups (CGs) can be configured and joint UCI for each CG could be transmitted on Pcell or PScell. For NR DC with large backhaul delay, DL carriers should be divided to different sets, and one UL carrier should transmit joint UCI for the carriers in one set. To achieve a unified design for NR CA and DC, the following proposal is given.
Proposal 4: Different UL carriers can carry joint UCI for different sets of DL carriers. The sets of DL carriers should not be smaller than 2.
2.3 UE capability
The receiver chain is typically much less complex in the UE than its transmission chain (due to the power amplifier and RF parts). Hence, the aggregated DL transmission bandwidth is typically larger than the aggregated UL transmission bandwidth. This is for example the case in most of the LTE-Advanced carrier aggregation band combinations supported by RAN4, i.e., the number of aggregated DL carriers is larger than the number of aggregated UL carriers (typically one or two carriers).
Observation 1: UE generally has the capability of aggregating larger number of DL carriers than that in the UL.
With the maximum 16 carriers in NR CA and DC, how to efficiently operate with CA needs to be addressed. Clearly, requiring a UE to monitor all aggregated carriers at all time (e.g., similar to LTE activated carriers) is not efficient in terms of UE power consumption, monitoring complexity, etc. On the other hand, deactivating some of the aggregated carriers until data arrival is also inefficient, unless the activation procedure can be performed fast enough. Therefore, fast carrier access based on physical layer indication and procedure should be considered for CA scenarios. In other words, a UE generally monitors only a subset of the aggregated carriers, but it accesses any carrier(s) indicated by fast physical layer indication immediately upon reception of the indication and then monitors the carriers The scenarios include:
· Fast carrier switching for synchronization: For intra-band CA in wideband CC, carriers without sync signal could be considered to reduce overhead. Then with synchronization to the carrier with sync signal, UE could be operated on any carrier by the fast carrier switching mechanism.
· Fast carrier switching for SRS transmission: For UEs with limited UL CA capability, SRS carrier based switching discussed in Rel-14 could be taken as a baseline to allow SRS transmission on all the TDD carriers.
· Fast carrier switching for UL data transmission: a UE with limited UL CA capability can transmit on the entire bandwidth of the network over time. For example, for small data UL transmission, UEs could operate on the UL CC with small bandwidth for power reduction; for large data UL transmission, UEs could be switched to a wideband UL CC.
For the transition time in intra-band CA and inter-band CA, some conclusions have been achieved in RAN4#82 meeting [2]. For fast carrier switching, the retuning time location and pattern should be further studied.
Proposal 5: Fast carrier switching should be supported in NR CA and DC.
3 Conclusion

Observation 1: UE generally has the capability of aggregating larger number of DL carriers than that in the UL.
Proposal 1: Cross-carrier scheduling with multiple numerologies and multi-slot scheduling should be supported in NR CA/DC.
Proposal 2: Cross-carrier retransmission could be considered in NR CA/DC.

Proposal 3: Joint UCI feedback for carriers with different numerologies should be supported in NR CA and DC.
Proposal 4: Different UL carriers can carry joint UCI for different sets of DL carriers. The sets of DL carriers should not be smaller than 2.
Proposal 5: Fast carrier switching should be supported in NR CA and DC.
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