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Introduction
This contribution discusses issues in CA and BWP for NR including unified framework for CA and BWP handling, timeline with activation/deactivation, and CA with mixed numerology. We also discuss the scope for Rel-15 NR CA related to mixed numerology.
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Unified framework for CA and BWP handling
While the precise definition of BWP is evolving, details are still pending regarding what the differences between component carrier and BWP should be. Below we summarize the comparison of some of the attributes of component carrier and bandwidth part according to existing agreements and understanding.
Table 1: CC and BWP
	
	Component Carrier
	Bandwidth Part

	Activation/Deactivation
	In NR, there has not been agreement to allow L1 signaling for CA activation/deactivation;
Cross-carrier scheduling should be allowed
	DL Cross-BWP scheduling is allowed if PDSCH transmission starts no later than K symbols after the end of PDCCH transmission, with the restriction that a single DL BWP is active at any given time.

	TB mapping
	One TB per each CC
	One TB per each BWP

	Common-search-space
	At least one active CC needs to contain CSS 
	Active BWP may not contain CSS; at least one configured BWP should contain CSS within the primary CC

	Number of active CCs or BWPs
	More than 1 in CA 
	1 active BWP for a given CC for now

	SS block
	SS block should be contained into at least 1 of the active CCs
	BWP may or may not contain SS block



As we can see from the above table, most of the attributes of CC and BWP are common, and thus by looking at the physical property of a set of time/frequency resource, it is hard to tell if it is a CC or a BWP. In our view, CC and BWP management can be handled via a common framework, i.e., pre-configuration via UE-specific RRC and faster activation/deactivation via DCI or MAC-CE based.
During RAN1#90, it was agreed that at least DCI-based activation/deactivation of BWP is supported. There was no discussion on activation/deactivation of CC in NR CA, although LTE CA adopted MAC-CE based activation/deactivation. Given DCI based activation/deactivation was already agreed for BWP and it is faster than MAC-CE based activation/deactivation, NR can also adopt DCI based activation/deactivation of CC for CA. In order to provide robust operation with activation/deactivation of BWP or CC, ACK response should be associated with the activation/deactivation indication in DCI.
Proposal 1: NR adopts a unified framework for configuration/activation/deactivation of CC and BWP.
Pre-configuration via UE-specific RRC signalling
L1 activation/deactivation via DCI followed by ACK
For DCI-based activation and deactivation of BWP, implicit scheduling based activation can be also considered. In that case, we may not need a separate ACK to the activation itself. Therefore, ACK can correspond to the scheduled data when implicit scheduling based activation is used.
Proposal 2: For BWP activation, implicit scheduling based activation is also supported. ACK to the activation can be merged to the ACK for the scheduled data.
To facilitate the goal of fast dynamic BW switching, the pre-configurations of the BWPs should take UE BW switching timeline constraint into consideration. For example, the switching of UE emission mask normally happens at a slower time scale compared with BW opening/shrinking, and thus the emission mask for different BWPs should be kept constant that is common to all the BWPs within a CC, leading to the following proposal.
Proposal 3: Emission mask requirement is common to all the BWPs within a CC. 
Timeline for CA and BWP activation/deactivation
In LTE, CA activation/deactivation command is carried in MAC control element (CE) which is transferred over PDSCH. If the MAC-CE command is carried in subframe n, UE sends acknowledgement to the MAC-CE command in subframe n+4. UE starts to perform activation activity related to MAC in subframe n+8, and is ready to transmit valid CSI report no later than subframe n+24 in normal cases (i.e., for a detected/measured SCell) [1, Section 7.7]. In this case, the overall CA activation latency is up to 24ms.
[image: ]
Figure 1: CA activation timeline in LTE
 (The PCell interruption time is one subframe for inter-band CA and up to 5 subframes for intra-band CA [1, Section 7.8.2], and is parallel to the above timeline.)
In NR, if the CA/BWP activation command is MAC CE-based, the acknowledgement to CA/BWP activation is defined by K1 slots and N1 symbols in the current HARQ framework. The CA/BWP activation timeline can be much shorter than that of LTE due to the improved HARQ timeline. Furthermore, current NR tracking RS (TRS) framework allows much faster adaptation relative to LTE loop convergence bases on CRS [2]. As a result, the UE should be able to be ready to report valid CSI much earlier than the n+24 timeline in LTE as long as TRS is provided with respect to the activation timeline. NR CA/BWP activation timeline based on MAC-CE command is shown in Figure 2. It should be noted that this is the timeline at the UE.


Figure 2: Shortened CA/BWP activation timeline based on MAC-CE command with fast tracking RS adaptation
We can further improve the CA/BWP activation timeline by considering DCI-based activation. Depending on the UE capability, acknowledgement to CA/BWP activation DCI command could be transferred even within the same slot as the activation command, further improving the CA activation latency. This is shown in Figure 3.


Figure 3: Shortened CA/BWP activation timeline based on DCI-based command with fast tracking RS adaptation
Observation 1: DCI-based CA/BWP activation/deactivation command provides shorter latency than the MAC CE-based activation/deactivation.
Proposal 4: Improved CA/BWP activation/deactivation timeline should be considered for NR compared to LTE.
· ACK timing and action time for CA/BWP activation/deactivation should be further studied in RAN1.
· Improved overall CA/BWP activation timeline that UE is ready to report valid CSI report should be further studied in RAN4.
CA with mixed numerology
Scheduling
Cross carrier scheduling with mixed numerology was already agreed for NR. Figure 1 shows two cases for cross carrier DL scheduling with mixed numerology. One case is a larger SCS scheduling a smaller SCS and the other case is opposite. Current HARQ framework with slot (K0) and symbol granularity (N0) for DL data scheduling, further clarification/agreement is necessary to clearly define the distance between the end of PDCCH and the start of data scheduling. For case 1, there can be ambiguities on:
· Do we first allow PDCCH on slot 2n+1 allows scheduling in slot m?
· To restrict UE complexity, it is proposed that cross carrier scheduling is allowed toward equal or later slot only (defined by the beginning of the slot). In other words, slot 2n+1 cannot schedule the data in slot m. Otherwise, we will introduce additional complexity compared to the same numerology scheduling (i.e., similar to allowing PDCCH anywhere in slot for slot-based scheduling).
· How to define K0 from slot 2n and 2n+1 respectively
· It was agreed that the distance between the end of PDCCH and the start of PDSCH is based on the numerology of data transmission. Slot m is considered as K0=0 for both slot 2n and slot 2n+1. Therefore, when a larger SCS schedules a smaller SCS, it is proposed that the overlapping slot is considered as K0=0.
Proposal 5: Cross carrier slot-based scheduling is allowed toward equal or later slot only (defined by the beginning of the slot).
Proposal 6: When a larger SCS schedules a smaller SCS for DL data, the overlapping slot is considered as K0=0.
For case 2, K0 definition also needs clarification. For example, should we call slot 2n+1 as K0=0 or 1? If we try to be based on the numerology of the data transmission, K0=1 may be more adequate. Otherwise, we need to introduce N0 larger than 14. When a smaller SCS schedules a larger SCS, it is proposed that K0=0 is defined for the slot whose beginning slot boundary is aligned with the beginning slot boundary with PDCCH.
Proposal 7: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Another issue with cross carrier scheduling is whether to have a joint grant or separate grant. For case 1, cross carrier scheduling is not different from the cross carrier scheduling with same numerology in terms of necessary grants. For case 2, given multiple slots overlapping with the slot with PDCCH, there can be a separate DCI per grant or a joint DCI for multiple grants. For scalable design, a separate DCI per grant is beneficial. On the other hand, a joint grant will be more spectrally efficient in terms of resource utilization. Some restrictions may be necessary in order not to increase the DCI proportional to the number of grants.
Proposal 8: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Although Figure 1 shows DL scheduling, same case exists for UL data scheduling. Proposal 1 through 3 can be applicable for both DL and UL scheduling. Therefore, the following additional proposals can be made.
Proposal 9: When a larger SCS schedules a smaller SCS for UL data, the overlapping slot is considered as K2=0.
Proposal 10: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.


(a) Case 1: Larger SCS scheduling smaller SCS


(b) Case 2: Smaller SCS scheduling larger SCS
Figure 3: Cross carrier DL scheduling with mixed numerology

HARQ feedback handling
Cross carrier acknowledgement with mixed numerology was also agreed for NR. Figure 2 shows two cases for cross carrier acknowledgement with mixed numerology for DL scheduling. Case 1 is when A/N is transmitted on a carrier with smaller SCS. Case 2 is the other case. 
For case 1, similar to data scheduling in subsection 2.1, the following proposals are made.
Proposal 11: When A/N is transmitted on a carrier with a smaller SCS, the overlapping slot is considered as K1=0.
For case 2, K1 definition needs some clarification. The following is proposed.
Proposal 12: When A/N is transmitted on a carrier with a larger SCS, K1=0 is defined for the slot whose ending slot boundary is aligned with that of the slot containing PDSCH.
In other words, slot 2n+1 becomes K1=0. Slot 2n+2 is K1=1, 2n+3 is K1=2 and so on.



(a) Case 1: A/N transmitted on a carrier with smaller SCS


(b) Case 2: A/N transmitted on a carrier with larger SCS
Figure 4: Cross carrier ACK transmission with mixed numerology

Group common PDCCH with CA
Group common PDCCH is used for dynamic indication of SFI in NR. By default we can consider the scope of SFI carried by GC PDCCH is limited to its own CC. On the other hand, in the case where cross carrier is deployed (e.g., control in sub-6 and data in mmW), it may be beneficial to carry the SFI for cross carrier as well. Therefore, it is proposed to support cross carrier GC PDCCH.
Proposal 13: NR supports cross carrier group common PDCCH.


(a) Cross carrier GC PDCCH from a larger SCS carrier


(b) Cross carrier GC PDCCH from a smaller SCS carrier
Figure 5: Group common PDCCH with mixed numerology

Power control with mixed numerology
UL CA will also be supported with NR. When UL CCs have different numerologies, UE transmit power changes in the middle of the slot with a smaller SCS due to the slot boundary with a larger SCS. This may cause the gate state switching which causes phase discontinuity. Phase discontinuity will lead to demodulation performance degradation due to the mismatch between estimated channel and the channel experienced by the data channel. Due to this reason, it is proposed to have a single PC group corresponding to a group of the same numerology per band. CCs in inter-band CA can have individual PC group, given the use of separate PA/RF chains.
Proposal 14: NR supports a single power control group corresponding to a group of the same numerology per band.
Rel-15 NR CA workplan
It has been already agreed that NR supports CA with mixed numerology including cross-carrier scheduling and joint UCI feedback. Considering the complexity of handling different length slots with DCI/UCI/CSI/UL TA and considering the tight timeline for Rel-15 phase 1, RAN1 may consider introducing the feature in a phased manner, i.e.,
Proposal 15:
· For Rel-15 phase 1,
· introduce the support of cross carrier DCI/UCI/CSI/UL TA within a group of the same numerology. 
· For Rel-15 phase 2,
· introduce the support of cross carrier DCI/UCI/CSI between mixed numerology.
This just shows one way of achieving a phased introduction for NR CA but other approaches can be discussed and considered.
Conclusions
This contribution has presented issues in CA and BWP for NR including unified framework for CA and BWP handling, timeline with activation/deactivation, and CA with mixed numerology. We also discussed the scope for Rel-15 NR CA related to mixed numerology. The following observation and proposals have been made:
Proposal 1: NR adopts a unified framework for configuration/activation/deactivation of CC and BWP.
Pre-configuration via UE-specific RRC signalling
L1 activation/deactivation via DCI followed by ACK
Proposal 2: For BWP activation, implicit scheduling based activation is also supported. ACK to the activation can be merged to the ACK for the scheduled data.
Proposal 3: Emission mask requirement is common to all the BWPs within a CC. 
Observation 1: DCI-based CA/BWP activation/deactivation command provides shorter latency than the MAC CE-based activation/deactivation.
Proposal 4: Improved CA/BWP activation/deactivation timeline should be considered for NR compared to LTE.
· ACK timing and action time for CA/BWP activation/deactivation should be further studied in RAN1.
· Improved overall CA/BWP activation timeline that UE is ready to report valid CSI report should be further studied in RAN4.
Proposal 5: Cross carrier slot-based scheduling is allowed toward equal or later slot only (defined by the beginning of the slot).
Proposal 6: When a larger SCS schedules a smaller SCS for DL data, the overlapping slot is considered as K0=0.
Proposal 7: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Proposal 8: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Proposal 9: When a larger SCS schedules a smaller SCS for UL data, the overlapping slot is considered as K2=0.
Proposal 10: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.
Proposal 11: When A/N is transmitted on a carrier with a smaller SCS, the overlapping slot is considered as K1=0.
Proposal 12: When A/N is transmitted on a carrier with a larger SCS, K1=0 is defined for the slot whose ending slot boundary is aligned with that of the slot containing PDSCH.
Proposal 13: NR supports cross carrier group common PDCCH.
Proposal 14: NR supports a single power control group corresponding to a group of the same numerology per band.
Proposal 15:
· For Rel-15 phase 1,
· introduce the support of cross carrier DCI/UCI/CSI/UL TA within a group of the same numerology. 
· For Rel-15 phase 2,
· introduce the support of cross carrier DCI/UCI/CSI between mixed numerology.
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