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Introduction

In RAN1#88bis meeting, some main aspects of NR CA are discussed and agreements were reached.
Agreements:
· For carrier aggregation, multiple timing-advance groups are supported
· FFS: The number of timing advance groups
· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.
· For NR-NR DC, from UE perspective,
· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· FFS: exact definition of synchronous
· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.
In this contribution further aspects of NR carrier aggregation are discussed.
CA/DC application scenarios
At least, CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority as agreed starting point. Carrier Aggregation or Dual Connectivity across duplexing schemes between carriers can also be supported.  Those are scenarios need to be contentiously supported.
TDD carrier aggregation
We should consider different TDD UL/DL ratios in CA. However, NR is considering more flexible TDD schemes and the UL/DL ratio can be even dynamic. This would require more flexible combination of TDD UL/DL ratio. For NR TDD, the low frequency close to legacy TDD system would have to consider the co-existence issue and the UL/DL ratio may need to be semi-statically configured to match the adjacent TDD systems. However, as the frequency goes higher, more flexible TDD interference coordination scheme will be used and the TDD UL/DL will not follow the legacy TDD. This will allow reduction of TDD latency. In SI phase, single carrier TDD does not have a solution for low latency comparable to FDD if same slot duration is used. Even for dynamic TDD in 1 carrier, TDD slot type will be controlled by gNB. gNB will not know the coming of UL data until it received SR. And it can only start to schedule UL data in next slot. 
In order to allow DL/UL transmission at any given time upon DL/UL traffic arrival so as to avoid the latency spent in waiting for DL/UL transmission opportunity, a CA based solution can be considered. Figure 1 gives an example. In this example, two aggregated TDD carriers in configuration #0 and configuration #1 respectively are not frame aligned but with an offset of 3 slots. Then, there are both DL and UL transmissions at any given subframe from the two carriers. This provides a condition to help the TDD to achieve same latency performance as in FDD. The DL HARQ timing can also follow the self-contain structure. This will require that the HARQ-ACK is no longer restricted to PCell only. This solution is beneficial only to UEs capable of CA and full duplex. It also requires UEs to be able to transmit the HARQ-ACK on any TDD serving cell. 


Figure 1 one example of latency reduction by TDD CA

The UL/DL can be semi-statically configured or dynamically indicated for each carrier. Almost the same latency as in FDD can be achievable.
CA/DC with different numerologies
In NR the carrier with different numerologies may need to be aggregated. In higher frequency, much higher SCS will be needed and this results in shorter slot duration. However, in lower frequency with smaller allocated bandwidth, low SCS will be typically used. The carrier in lower frequency has better coverage and higher cell radius. Fall back operation may happen in lower frequency due to the robustness of channel. High frequency will provide high traffic capacity.  


Figure 2 Aggregation of different carriers in numerologies
It can also be expected that the differences in coverage of aggregated carriers will also results in non-co-site deployment. The timing may be different for different carriers. Asynchronous CA/DC will be needed.
Schemes to support NR CA/DC
To support the NR CA scenarios, we should consider the schemes enhanced from legacy system or newly introduced.
Cross-carrier scheduling
Since we need to utilize the better control coverage of lower frequency, the Cross-carrier scheduling are needed. Considering there is no extreme large number of carriers to be scheduled by 1 carrier, 3 bits CIF seems to be a good starting point. Too much carrier scheduled by one carrier will always results in insufficiency of control capacity.  As NR is targeting for more flexible scheduling, the scheduling carrier should not be fixed or semi-statically configured.
UCI feed back
Carrier aggregation will require multiple bits ACK/NACK feedback in one carrier. The large bit payload in UCI is already under design in the UL control discussion.  For CA, further issue is which carrier will transmit the bits. As we discussed in TDD scenarios, the UCI may not be fixed in one carrier. Otherwise, the latency cannot be reduced in TDD CA.
Carrier Group definition
The timing advance will be different for none-co-site CA/DC case. Thus, timing advance groups should be maintained. Further, since the numerologies are also different, Carrier Groups for numerologies should be introduced. It is not expected large number of numerologies in the aggregated carriers. Grouping same numerology will simplify the timing design.
Hybrid-ARQ re-transmissions
Similar as UCI, HARQ re-transmission should not be restricted in one carrier to reduce the latency. This can be supported by defining semi-static pairing of carriers.
UL power control
For CA/DC, UL power control should consider both synchronous and asynchronous network. However, the carriers with different numerologies will always have different lengths and may not mean fully synchronized. NR has decided that all the numerologies will share the same subframe boundary. So, as long as all numerology’s reference subframes are synchronized, it can be looked as synchronous. In that case, the UL power control time granularity will depends on the numerology with longest slot length. Then, power control rules in synchronous mode for CA/DC can still be applied. 
Conclusion
[bookmark: _GoBack]In this contribution, we discussed application scenarios for carrier aggregation and dual connectivity.  The standardization issues for supporting those scenarios were went through. We have the following proposals: 
Proposal1: NR CA should support carrier aggregation for different numerologies, different frequency bands, different UL/DL configuration in different carriers and non-co-located scenarios.
-Cross-carrier scheduling can be supported with 3 bits CIF as baseline.
-The UCI multiple bits feedback corresponds to multiple carriers should be supported.
-The HARQ feedback and timing should support multiple carrier joint operation to reduce HARQ latency.
-Carrier grouping scheme should take into account the timing, numerologies.
Proposal 2: For CA and DC, as long as all numerology’s reference subframes are synchronized, the carriers can be assumed as synchronous.
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