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1 Introduction
RAN1 has agreements to support mixed numerology on Carrier Aggregation for a given UE which may affect RF performance under some scenarios as NR’s frame structure will introduce new character.
This contribution provides some discussion on UL/DL configuration for intra-band contiguous CA. 
2 Discussion
2.1 RAN1 agreements
RAN1 has agreements on the radio frame structure, including the slot length and dynamic configuration for TDD, besides RAN1 also has agreements on Carrier Aggregation with mixed numerology, the agreements from RAN#86 to NR AH#2 meeting are written as below:
Frame structure

RAN1 #86 Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled

· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only

· The structure allows for ctrl at the end only

· The structure allows for ctrl at the end and at the beginning

· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
RAN #87 Agreements:

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

RAN1 #88

Agreements:

· Evaluation results for flexible duplexing is captured in section 10 of TR38.802

· Evaluation results are summarized in the attached sheet in R1-1703818
· Which can be further updated upon availability of new results (by Friday morning)

· Agreed evaluation assumption for flexible duplexing is also captured in appendix A.2 of TR38.802

CA with mixed numerology
RAN1 #86b

Agreements:
· 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
RAN1 #87

Agreement: NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
RAN1 NR#2 Agreements:

· For scheduling with different and the same numerologies:
· For self-scheduling
· PDCCH and the scheduled PDSCH have the same numerologies
· PDCCH and the scheduled PUSCH can have the same or different numerologies
· The time granularity indicated in the DCI for the timing relationship between DCI and the corresponding PUSCH follows the numerology of the PUSCH transmission
· For cross-carrier scheduling
· PDCCH and the scheduled PDSCH/PUSCH can have different or the same numerologies
· The time granularity indicated in the DCI for the timing relationship between DCI and the corresponding PDSCH/PUSCH follows the numerology of the PDSCH/PUSCH transmission
In summary, RAN1 has decided that the NR radio frame structure will scheduled per-slot (as baseline) and the slot length will change along with different numerology, which means one slot with smaller SCS will cover 2n slots with larger SCS. Meanwhile, RAN1 has agreed CA with different numerology upon one UE, thus, it’s possible that UE is receiving signal on one component carrier and transmitting on the other component carrier on some slots, the interference needs to be discussed under intra-band contiguous CA.

For frame structure, RAN1 support 7 or 14 symbols per slot, the slot length will change along with the SCS, e.g. for SCS=15kHz y=7 symbols, the slot length is 0.5ms, there are 20 slots in one radio frame; for SCS=30kHz y=7 symbols, the slot length is 0.25ms, there are 40 slots in one radio frame. Suppose there are 2 CCs with different SCS described above, there will be some overlap on UL and DL slot between the 2 CCs.
When we go back to see LTE, there also exist similar consideration that the interference introduced by UL/DL overlap. The problem of NR discussed in this paper is different with LTE. The UL/DL configuration for LTE is generally fixed for intra-band CA and all carriers are with the same SCS, there is little possibility of UL/DL overlap.
2.2 Intra-band contiguous CA problem
Under contiguous CA scenario, if the CCs UL/DL configuration does not have the same transmission direction at the same instance, it will cause interference problem. As the CCs are adjacent, the transmitting slot will severely impair the receiving slot performance. The traditional solution for interference such as: reducing transmit power or relaxing the Rx REFSENS is not useful for this problem. Basically there’s no RF solution for the severe interference. The possible solution is to mute one of the simultaneous UL/DL for the UE’s CCs which is shown in Figure 1(a).
[image: image1.emf]D D U U D D U U D D U U D D

CC1

SCS=15kHZ

CC2

SCS=30kHz

X

X

X

X

X X

X

X

X

X

X

X

D D U U D D U


(a)

[image: image2.png]cc1
SCS=15kHZ

Ao 0 [o[olululu[vfolololofelul [ [ [ L[]
$CS=30kHz




(b)

Fig 1 UL/DL configuration under intra-band contiguous CA with mixed numerology
Moreover, if there is solution to decrease the interference, the other consideration would be related to the RF implementation complexity. Generally, contiguous CA can be implemented with only 1 RF path which can receive or transmit both CCs by a switch in the front-end, if the UL/DL configuration cannot be aligned, the RF implementation for TDD will have a big change which need to transmit and receive at the same time. The solution maybe to add a diplexer between the transmit path and receive path which is not applicable to this scenario. It may need 2 independent RF paths, it means 2 antennas, 2 RF filters and so on. This will severely increase the size and design complexity of RF implementation.
Thus, we propose that under intra-band contiguous CA, the UL/DL configuration of all the CCs with the same or different numerology should have the same transmission direction at the same instance, then the large SCS CC’s UL/DL configuration will depend on the small SCS CC, which means the large SCS CC cannot configure slots based on dynamic schedule algorithm and the UE will not transmit and receive at the same time.The analysis above can be shown in Fig 1(b). 
Proposal: The UL/DL configuration of all the CCs with the same or different numerology under intra-band contiguous CA should have the same transmission direction at the same instance.
3 Conclusion

In this contribution we discussed on the mixed numerology for intra-band contiguous CA, according to the analysis, we have the following proposal:
Proposal: The UL/DL configuration of all the CCs with the same or different numerology under intra-band contiguous CA should have the same transmission direction at the same instance.
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