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1 Introduction
During the RAN1#90 meeting, the following was agreed for carrier aggregation (CA) [1]:  
	Agreements:
· Confirm the WA at RAN1 NR AH#2

· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission

· FFS: For cross-carrier scheduling, support the following functionalities

· Multi-slot scheduling (i.e., one DCI schedules N slots with N TBs)

· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR

· Granularity of TA for SCS = 15kHz is same as LTE

· Maximum number of TAGs is 4

· Note: final decision of the maximum timing difference is up to RAN4

· FFS: for other scenarios

· For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported

· NR supports 2 cell groups for PUCCH for NR CA

· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

· FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC


In addition, further discussion on the details of the bandwidth part (BWP) operation took place. Consequently, it was agreed that [1]: 

	Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling

· FFS the configuration is by RMSI and/or UE-specific signaling

· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211

· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL
Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration

· During the measurement gap, UE is not expected to monitor CORESET




In this contribution, we discuss the above FFS aspects and express our preferred solutions to finalize the Rel-15 specifications w.r.t. CA and BWP operation.   

2. Details of carrier aggregation
2.1 CIF configuration and size 

Clearly, the presence of the CIF should be UE-specific as some UEs may only receive PDSCH in the CC with the PDCCH transmission (or transmit PUSCH in the UL CC associated with the DL CC with the PDCCH transmission).
Regarding the CIF size, as discussed in Rel-10 for LTE CA the tradeoff between having a variable CIF size versus a fixed size can be summarized as follows: A variable CIF size results in four possible sizes for each CIF-supported DCI format (for CIF of 0, 1, 2, 3 bits), while a fixed CIF size creates two possible sizes (i.e., CIF of 0 or 3 bits), i.e., reduing the number of possible DCI format sizes by 50%. With the fixed CIF size, the DCI format size is maintained during the CC addition/modification period. This allows eNB to constantly schedule data transmission on the activated CCs and consquently improves the NR throughput performance. Regarding the additional 2 bit DCI overhead, the energy per bit in the DCI format would reduce by approaximately 0.2 dB for a 5 MHz LTE system (i.e., 46 bits). It should be reminded that the impact becomes more negigble for NR due to the rather larger system bandwidth and corresponding increased DCI formats sizes. 

Another open issue to discuss is how to interprete the CIF values. From LTE Rel-13 onwards, the association between a CIF value and the scheduled CC is configured via higher layer signalling on a per scheduling CC basis. This design minimizes the DL control overhead and should be reused for NR CA to support cross-carrier scheduling for up to 8 CCs within a CC group. In our view, in most practical cases a 3-bit CIF provides sufficient flexibility for gNB to apply cross-carrier scheduling while avoiding extra signaling overhead. 
Based on the above discussion, we propose:

Proposal 1: 

· The 3-bit CIF is maintained for cross-carrier scheduling in NR CA.

· The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   

2.2. Cross-carrier multi-slot scheduling

The frequency to be aggregated in NR CA may span very different bands, i.e., from below 6 GHz up to 52.6 GHz. In particular, different numberologies and, hence, symbol and slot durations may be operated on different NR CCs, e.g., due to different propagation characteristics and available bandwidth in different bands so as to fulfil different service type requirments (e.g., eMBB and URLLC).

The support of CA with CCs using different numerologies was agreed [2] to maximize the availability of wider bandwidth for NR through CA and hence increase the peak data rate. Furthermore, it was agreed to support cross-carrier scheduling for DL CCs with different numerologies in the post-meeting email discussion [3] to mitigate potential restriction for NR CA operation in case of heterogeneous network deployments. The major difficulty in supporting cross-carrier scheduling when aggregating CCs of different numerologies is that there may be different number of UL and DL slots, which may be placed on different positions in the time domain within a reference slot posing control timing issues. Figure 1 gives a example where the the scheduling CC has larger subcarrier spacing (see FIG.1a) or smaller subcarrier spacing (see FIG.1b) compared to other cross-carrier scheduled CCs. 
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Figure 1: An example of the DL/UL control timeline for aggregated CCs with different numerologies


The lack of cross-carrier multi-slot scheduling for NR CA with different numerologies would pose a restriction for heterogeneous network deployment scenarios when the scheduling CC has larger SCS compared to the scheduled CC SCS. The DL control channel in NR is front loaded within the first several symbols to reduce latency, and cross-carrier scheduling is of importance to achieve inter-cell interference coordination for control channels. It is even more critical to support cross-carrier multi-slot scheduling for NR system with a small bandwidth on the scheduled CCs. While aggregation of CCs with different numerologies offers the required flexibility in operating the NR system, not providing cross-carrier multi-slot scheduling for this type of aggregation would degrade the peak data rate for some UEs.  
Proposal 2: 
· Support multi-slot scheduling (i.e., one DCI schedules N slots with N TBs) in case of cross-carrier scheduling for CA operation. 

2.3 HARQ-ACK transmission for NR CA
It was agreed to support both semi-static and dynamic HARQ-ACK codebook. For the semi-static HARQ-ACK codebook, the HARQ-ACK bits are generated semi-statically according to the number of configured CCs and slots. In particular, the HARQ-ACK feedback for the unscheduled CC is set to NACK and the gNB could make use of the known bits at the decoder.  

Proposal 3: 
· The fixed HARQ-ACK codebook size is determined based on the number of configured CCs, slots and the DL transmission mode configuration. 
For NR CA, up to 16 DL CCs need to be supported. The number of HARQ-ACK bits that needs to be transmitted in a single slot would be significantly increased compared to the single CC case. As UE may not be scheduled on all configured CCs or all slots (for TDD), the dynamic HARQ-ACK codebook approach allows the number of ACK/NACK bits to be adapted dynamically to the number of actually scheduled CCs and slots and, hence, it results in a minimized ACK/NACK payload. Similarly as in LTE eCA, the design for supporting the dynamic ACK/NACK codebook should have a sufficient mechanism to avoid potential misalignment on the ACK/NACK codebook size between gNB and UE, particularly when handling the new use case where CCs are operated with different numerologies. 
One simple way to achieve this target is to extend the design of the counter DAI and total DAI defined for LTE eCA.  More specifically, the total DAI in each DL assignement is to indicate the total codebook size in the current PDCCH instance up to the current PDCCH instance on each CC within a bundling window. As in LTE, the counter DAI is incremented in a frequency-first-time-second manner across CCs. 
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Figure 2: Setting the counter and total DAI for NR CA with different numerologies

In the case of aggregated CCs with different numerologies, the gNB sets the counter DAI and total DAI up to the current PDCCH instance determined in accordance with the largest SCS across the CCs. One example is shown in FIG.2. It was assumed that each scheduled CC requires one ACK/NACK bit and the dark CCs/slots in FIG.2 denote unscheduled PDSCH. In the first PDCCH instance, all three CCs are scheduled which requires a 3-bit HARQ-ACK. As a consequence, the total DAI is set to be equal to 3. No PDSCH is scheduled in the 2nd PDCCH instance on CC0. In the 3rd PDCCH instance on CC0, PDSCH is scheduled on CC0 only and hence the total DAI needs to be set to 0 to indicate the accumulated value of four PDSCH channels up to the present PDCCH instance across CCs and time slots. The same DAI setting principle is applied for the other PDCCH instances in FIG.2. 

Proposal 4: 
· Extend the counter DAI and total DAI concepts to support dynamic HARQ-ACK codedbook for NR CA.  
3. Remaining aspects for BWP operation
3.1 BWP activation mechanisms

In RAN1 #90, the support of DL/UL BWP activation/deactivation by explicit indication at least in DCI and by means of timer were agreed [1]. There are several remaining FFS points regarding the BWP activation and deactivation mechanisms as discussed in this section.

Concerning with the DCI based BWP activation/deactivation mechanism, it needs to be decided on whether to use scheduling DCI or to introduce a new dedicated purpose DCI. With the scheduling DCI, the explicit BWP ID will be included in the DCI used for resource allocation. Compared to the use of scheduling DCI, the dedicated purpose separate DCI has the following merits: 

· The DCI can be designed more robust as it contains small information bits. The reliability is important given the gravity of undetected BWP switching command. 

· Single DCI can be designed to activate/deactivate both DL and UL BWPs. 

· It is more future proof, if the simultaneous activation of multiple BWPs is supported later in Rel-15 or in Rel-16. 
Proposal 5: 
· A dedicated purpose DCI is introduced for DL/UL BWP activation/deactivation.  

On the other hand, the BWP activation/deactivation via MAC CE was left FFS during last meeting. It is well-understood that MAC CE based activation mechanism is more reliable compared to the DCI based activation mechanism due to HARQ protection, but the reliability comes at the cost of longer latency for the activation. However, note that a timer-based mechanism was also agreed in addition to the DCI based mechanism, which can be used for the DCI lost case handling. Given that DCI based mechanism was already agreed to be supported, there is no inevitable reason to support another mechanism for the same purpose. 

Proposal 6: 
· MAC CE based mechanism for DL/UL BWP activation/deactivation is NOT supported. 
Next the remaining details for timer based DL/UL BWP activation/deactivation is discussed. The motivation of the timer based approach is two-fold: 

· When the network wants UE to switch to default BWP, which is presumably has smaller BW and therefore has the most power saving gain, the switching can be made automatic without the need of sending a DCI for BWP activation/deactivation. In this case, the timer for BWP activation/deactivation can be a DRX timer. However, it is not necessarily needed to be synchronized with the DRX timer and it can be further optimized by introducing a new timer. Note that introducing a new timer will not be of a burden, if it is RRC configured.  

· Another motivating scenario is when the UE misses BWP switching command and therefore the UE is being lost. In that case, the UE can be recovered at the default BWP. Since the purpose is different from UE power saving, it seems it is appropriate to introduce a new timer for BWP activation/deactivation. 

On the other hand, to provide a flexibility to network operation and also to enable the load balancing on the initial BWP, the reconfiguration of the default BWP by the network should be allowed.

Proposal 7: 
· For activation/deactivation of DL bandwidth part by means of timer, the UE switches to a default BWP if the UE does not receive any control/data from the network during the timer. The timer is reset upon reception of any control/data. 

· Introduce a new timer for activation/deactivation of DL bandwidth part by means of timer.

· The network can reconfigure the default BWP. 
3.2. DCI design for cross-BWP scheduling 
When there is a BWP switching, a DCI in the current BWP needs to express resource allocation in the next BWP that the UE is expected to switch. Based on the NR design as of now, the resource allocation will be based on the UE-specific PRB indexing, which is per BWP. This means that the range of the PRB indices will change as the BWP changes. Note that the DCI to be transmitted in current BWP will be based on the PRB indexing for the current BWP, but that DCI needs to express the RA in the new BWP, which arouses a conflict. In order to resolve the conflict without significantly increasing UEs blind detection overhead, the following proposal is made. 

Proposal 8: 
· For a given DCI type, the DCI size and bit fields do not change per BWP. 
However, as the range of the PRB indices will change as the BWP changes, actually used bits among the total bit field for RA can be dependent on the used BWP. In interpreting the resource allocation bit field, the UE uses the indicated BWP ID that the resource allocation is intended. 

3.3. Common PRB indexing for SCell without SSB

In RAN1 #90, regarding the common PRB indexing, it was agreed that an offset from PRB 0 to the lowest PRB of the SSB accessed by the UE is configured by high layer signaling. It is depicted in the figure below.  
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Figure 3: Illustration of the offset from PRB 0 to the SS block for common PRB indexing
This section is to discuss how to signal the common PRB index offset for a SCell without SSB. As no SSB presents in this scenario, the offset signaling with respect to the SSB as a reference point is not feasible. Therefore, one can consider to directly signal the offset from RPB 0 to the lowest PRB of the UE’s configured carrier. On the other hand, to retain the maximum commonality for signaling from specification perspective, it can be considered to introduce a virtual SSB concept. That is, the UE is signaled on the location of the virtual SSB position, where the virtual SSB does not physically present but a hypothetical position anywhere within the configured carrier BW. After that, the common PRB offset signaling can follow the same procedure defined for the case with SSB. 

Proposal 9: 
· For SCells without SSB, the following alternatives are considered to signal the common PRB offset to UEs:
· Alt 1: The offset from RPB 0 to the lowest PRB of the UE’s configured carrier is signaled to the UE.
· Alt 2: The location of the virtual SSB position is signaled to the UE. 
4. Conclusions
In this contribution, we discuss the remaining issues to support of CA and BWP operation for NR system and propose the following based on the discussions: 
Proposal 1: 

· The 3-bit CIF is maintained for cross-carrier scheduling in NR CA.

· The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   

Proposal 2: 
· Support multi-slot scheduling (i.e., one DCI schedules N slots with N TBs) in case of cross-carrier scheduling for CA operation. 

Proposal 3: 
· The fixed HARQ-ACK codebook size is determined based on the number of configured CCs, slots and the DL transmission mode configuration. 
Proposal 4: 
· Extend the counter DAI and total DAI concepts to support dynamic HARQ-ACK codedbook for NR CA.  
Proposal 5: 
· A dedicated purpose DCI is introduced for DL/UL BWP activation/deactivation.  

Proposal 6: 
· MAC CE based mechanism for DL/UL BWP activation/deactivation is NOT supported. 
Proposal 7: 
· For activation/deactivation of DL bandwidth part by means of timer, the UE switches to a default BWP if the UE does not receive any control/data from the network during the timer. The timer is reset upon reception of any control/data. 

· Introduce a new timer for activation/deactivation of DL bandwidth part by means of timer.

· The network can reconfigure the default BWP. 
Proposal 8: 
· For a given DCI type, the DCI size and bit fields do not change per BWP. 
Proposal 9: 
· For SCells without SSB, the following alternatives are considered to signal the common PRB offset to UEs:
· Alt 1: The offset from RPB 0 to the lowest PRB of the UE’s configured carrier is signaled to the UE.
· Alt 2: The location of the virtual SSB position is signaled to the UE. 
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