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1 Introduction

In RAN1#90 meeting, the following agreements on bandwidth part are achieved [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

In addition, the following agreements on CA are achieved in RAN1#90 [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 this contribution, we discuss the remaining issues on bandwidth part and CA/DC, including scenarios of multiple active BWPs, mechanisms of bandwidth adaptation, scheduling schemes of active bandwidth parts, initial access for wideband carrier, co-existence of wideband UEs and CA UEs, cross-carrier scheduling and joint UCI feedback for NR CA and DC.  More details could be found in our companion contributions [2]
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2 Multiple active BWPs
One use case of multiple active BWPs is simultaneous transmission of eMBB and URLLC services with different numerologies for one UE. Another use case is for forward compatibility:

· To support unknown features in future release, e.g. mMTC and NB-IoT, multiple active non-contiguous BWPs could be considered to efficiently utilize NR resources.

· For NR-NR DC when operating on overlapping carrier frequencies from two TRPs, two active BWPs from the two different TRPs could be considered.
· For NR-NR DC when operating on non-overlapping carrier frequencies from multiple TRPs, wideband operation at UE side with multiple non-overlapped active BWPs could be considered to efficiently receive/transmit from multiple TRPs.
3 Bandwidth adaptation 

3.1 Indication of BWP activation/deactivation

DCI is agreed to indicate the activation of BWPs, MAC-CE is not preferred due to its low latency [2]. The DCI method can be further classified into the separate DCI and scheduling assignment/grant. Both methods should be supported for different cases. For the case of BWP activation for energy saving, e.g., activating a BWP with a small bandwidth just for PDCCH monitoring, a separate DCI should be supported. If the activation of BWP is for data transmission, a scheduling assignment/grant can be adopted to indicate the activation/deactivation simultaneously with low latency.

For scheduling grant scheme, similar to CIF in LTE, a BWP indicator field (BIF) can be considered in cross-BWP scheduling for BWP activation. It is necessary to use the same CORESET and keep the same DCI payload size between self-BWP and cross-BWP scheduling to reduce the blind decoding complexity. One approach is given in Figure 1, the size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
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Figure 1 Same DCI payload size for self-BWP and cross-BWP scheduling

Proposal 1:  Support the same CORESET for self-BWP scheduling and cross-BWP scheduling. 
Proposal 2: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
In addition, timer based activation/deactivation is agreed and two use cases are given:

· Case1: Energy saving. A timer can be configured if the UE is at the BWP with a large bandwidth. And the timer will be started/restarted if the UE receive a PDCCH. If the timer expires, the UE will switch to a default BWP with a smaller bandwidth for energy saving.

· Case2: Fall back. When DCI is adopted to indicate the BWP activation/deactivation, there is a possibility that the gNB and UE may not be aligned in the current active BWPs. A timer based fall back mechanism should be supported to deal with this problem and the details are given as follows. 

· Opt1: The gNB transmits the activation DCI and the UE fails to receive it correctly. A timer is started/restarted if the UE receive a PDCCH. And if the timer expires, the UE will switch to the default BWP. The monitoring periodicity for the activation DCI on the default BWP should be common for both gNB and UE. And the periodicity can be configured.

· Opt2：The gNB transmits the DCI and the UE receives it correctly, and ACK is feedback for this activation signalling. However, the gNB might also fail to decode this ACK and remains on the original BWP. A timer is started when the UE switches to the new BWP. And if the UE receive a PDCCH on the new BWP, the timer will be stopped. If the timer expires, the UE will switch back to the default BWP.

Considering a unified design for the above two cases. A new timer different from DRX should be supported.
Proposal 3: Support a new timer for the activation/deactivation of a default BWP.
3.2 RF retuning

The impact of RF retuning should be considered in bandwidth adaptation. The length of the RF retuning time is different with different cases as given by RAN4：
· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation

· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation

· Up to 900 µs for inter-band operation

A guard period should be defined for the UE RF retuning and the related baseband operation and AGC adjustments. The length of the guard period should be reported to the gNB as a UE capability. One option is to report the absolute time in µs, and another option is to report the guard period in symbols.
Proposal 4: The length of the guard period for RF retuning should be reported as a UE capability.

After the gNB knows the length of the retuning time by UE reporting, it is also important to keep the location of retuning time aligned between the gNB and the UE. Considering the flexible HARQ in NR, the impact of RF retuning should be considered in scheduling. Take the scheduling timing k0 for example, it is important for the gNB to schedule a PDSCH with a distance at least larger than the guard period if the BWP switching is needed. This can be taken as the implementation issue at the gNB without spec impact. In addition, similar to the eMTC in LTE, the position of the guard period can be predefined for the cases without scheduling, such as periodical switching to another BWP with common CORESET to receive common signaling.

Proposal 5: The starting/ending position of the guard period for UE RF retuning should be predefined.
4 Scheduling schemes BWPs 

4.1 RBG size determination
As discuss in our companion contribution [3], the association between RBG size and the BWP size can be predetermined or configured similar to LTE. To provide a flexible granularity for resource allocation, multiple RBG sizes can be associated with the same BWP size, and the selected RBG size could be further indicated. 

Proposal 6: RBG size set is determined by the size of the BWP, and RBG size is configured/indicated within the set.
4.2 Retransmission across BWPs

The usage of retransmission across different BWPs with the same numerology can be given as follows [4]:

· Diversity gain and load balancing: The diversity gain can be obtained with retransmission on different BWPs. In addition, load balancing across multiple BWPs could be achieved.
· Fast bandwidth adaptation: For slot level bandwidth adaptation, data retransmission of the smaller BWP on the larger BWP should be supported, otherwise the data would be dropped.
Proposal 7: Support cross-BWP retransmission with the same numerology in NR.
4.3 Dynamic resource allocation of different numerologies

In RAN1#87, it was agreed that NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion. One feasible approach is illustrated in Figure 2, two BWPs with different numerologies are configured to UE1 and UE2 separately, and the two BWPs are partially overlapped in the frequency domain. For the CSI measurement within one BWP, if the CSI-RS/SRS is collided with data/RS in another BWP, the collision region in another BWP could be rate matched.  Consequently, CSI information over the two BWPs is known at gNB side by UE reporting, and dynamic resource allocation with different numerologies in a FDM manner could be achieved by gNB scheduling. 
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Figure 2 Dynamic resource allocation of different numerologies

Proposal 8: BWPs with different numerologies could be overlapped, and rate matching for CSI-RS/SRS of another BWP in the overlapped region could be considered. 
5 Initial access for wideband carrier 
In RAN1#90, it was agreed that there is an initial active BWP pair during initial access. For initial active DL BWP, at least the CORESET for RMSI, NR-PDSCH carrying RMSI, paging, OSI, Msg.2 and Msg.4 should be transmitted within the BWP. 

· Bandwidth of initial active DL BWP
It has been agreed that the initial active DL bandwidth part is confined within the UE minimum bandwidth for the given frequency band, the bandwidth can be determined by the following three options:

· Option 1: Indicated in PBCH

Some bandwidth candidates are predefined, and [x] bits can be used for indication. This enables more flexible for DL information scheduling.

· Option 2: Same as the SS block

Same bandwidth as SS block will lead very large performance loss for RMSI, more number of RPBs is beneficial for coverage and fast beam sweeping. 

· Option 3: Predefined

The bandwidth is predefined as the UE minimum bandwidth, e.g. 20MHz. However, if one carrier bandwidth is just 5MHz (adjacent carriers are from other operators) and UE use 20MHz RF chain to receive RMSI, adjacent carriers may lead to large performance loss for RMSI.
· Frequency location of initial active DL BWP

For the frequency location of the initial active DL BWP, it can be derived from the bandwidth and the SS block, e.g. center frequency of the initial active DL BWP and SS block are aligned.
For the paired UL BWP, the bandwidth and frequency location can be informed in RMSI.
Proposal 9: The bandwidth of initial active DL BWP is informed in NR-PBCH.
Proposal 10: The center frequency of initial active DL BWP is aligned with center frequency of SS block.
6 Co-existence for different UE types for wideband carrier
6.1 PRB grid for SS block and data channel
In RAN4 #84 meeting, some tentative agreements have been made on the channel raster that require the “floating sync” in NR. According to these tentative agreements, sync block is not PRB aligned with the data PRBs and there is an arbitrary offset (up to 11 subcarriers) between the edge of the SS block PRBs and PRB grid for common PRB indexing. From RAN1 perspective, this offset can be indicated to a UE via NR-PBCH, and once this offset is known to the UE, the PRB boundary of (at least) the numerology for the data channel is determined.
Proposal 11: The offset between the edge of SS block PRBs and the PRB boundary for other channel (e.g. control channel, data channel) is indicated via NR-PBCH.
6.2 Types of common PRB indexing

It was agreed that a common PRB indexing is used at least for DL BWP configuration in RRC connected state with the respect to the PRB 0 indicated by RMSI or RRC. Therefore, before the PRB 0 is indicated, e.g., for scheduling RMSI, another PRB 0 should be indicated via NR-PBCH with respect to the lowest PRB of SS block and with limited signaling overhead. When multiple SS blocks exist in a wideband CC, there will be multiple reference points for different UEs. Consequently, two types of common PRB indexing should be supported respectively during initial access and in RRC connected state.
6.2.1 Type I common PRB indexing
There is likely a common understanding that both the CORESET and the PDSCH for RMSI are within an agreed initial active DL BWP. Therefore, at least the scheduling for RMSI and the common RS generation and mapping should be based on Type I common PRB indexing. Since such DL BWP is confined with the UE minimum bandwidth, the maximum number of PRB in Type I common PRB indexing is no larger than the UE minimum bandwidth. This is beneficial for guarantee the common DCI for RMSI scheduling as a compact one.

As proposed in our companion’s contribution [5], the initial active DL BWP is central aligned with the corresponding SS block. Then as shown in Figure 3, Type I common PRB is indexed within the initial active DL BWP with the PRB 0 as the lowest PRB of the initial active DL BWP. Obviously, the maximum number of PRB in Type I common PRB indexing is the determined by initial active DL BWP bandwidth. 
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Figure 3 Type I common PRB indexing: {0, …, M-1}

Proposal 12: Define common PRB indexing for initial access with respect to the PRB 0 determined by the center of the SS block and the bandwidth of initial active BWP.
6.2.2 Type II common PRB indexing
Type II common PRB indexing refers to the agreed common PRB indexing during last meeting. The location of the reference point, i.e., PRB 0 is preferred to be signaled through RMSI rather than RRC since it is common to all UEs. It is preferred that the offset between PRB 0 and the SS block is indicated in the number of PRBs using the same numerology as that of the SS block. For supporting MU-MIMO, it is gNB’s responsibility that the same reference point is indicated to all UEs in the case of multiple RMSI in a wideband CC so as to avoid misunderstanding of PRB indexing, as illustrated in Figure 4.
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Figure 4 Type II common PRB indexing
Proposal 13: For common PRB grid used for BWP configuration in RRC connected state, the offset between the PRB 0 and SS block is indicated through RMSI in number of PRBs using the same numerology as that of SS block.
To summarize, two types of common PRB indexing related to different reference points and bandwidth should be considered as listed in the following table.

Table 1 Types of common PRB indexing

	Common PRB indexing
	PRB 0
	Bandwidth
	Use cases

	Type I
	Indicated by NR-PBCH (derived from center of SS block and 1/2 initial active BWP BW)
	Initial active BWP BW
	Group common PDSCH scheduling 

	
	
	
	Common RS generation and mapping

	Type II
	Indicated by RMSI
	Maximum carrier BW
	UE-specific RS generation and mapping

	
	
	
	BWP configuration


6.3 Mixed numerology case

For mixed numerology case, the reference PRB (or PRB 0) of different numerologies can be obtained from the reference PRB of SS block numerology by a predefined rule. For example, the predefined rule can be left-alignment of the reference PRBs of difference numerologies as illustrated in Figure 5. With such a predefined rule, the PRB grid of all numerologies will be determined by a UE once the PRB grid and reference PRB of SS block numerology are indicated to the UE.
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Figure 5 Left-alignment of reference PRBs of different numerologies 

Proposal 14: The reference PRB of each numerology is determined from the reference PRB of SS block numerology by a predefined rule. 
7 NR CA

7.1 General functionalities

In LTE carrier aggregation has been extensively discussed. At least the following functionalities are relevant in NR:

· PUCCH group: either primary PUCCH group or a secondary PUCCH group.
· Primary PUCCH group: a group of serving cells including PCell whose PUCCH signaling is associated with the PUCCH on PCell.
· Secondary PUCCH group: a group of SCells whose PUCCH signaling is associated with the PUCCH on the PUCCH SCell.
· PUCCH-SCell: a Secondary Cell configured with PUCCH.
· Component Carrier Types: In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). 
· Primary Timing Advance Group: Timing Advance Group containing the PCell. Primary Timing Advance Group refers also to Timing Advance Group containing the PSCell.
· Secondary Timing Advance Group: Timing Advance Group containing neither the PCell nor PSCell.
For NR, the functionality of PCC and SCC should be defined at first stage. In LTE, PCell is established during the initial access of a UE, the DL and UL CC of PCell are DL PCC and UL PCC, respectively. It is defined that common search space (CSS) can only be transmitted in DL PCC, PCC cannot be cross-carrier scheduled by an SCC and PUCCH signaling is always associated with the PUCCH in UL PCC in primary PUCCH group. In NR, some carrier-specific common control information should be introduced. For example, a DCI scrambled by INT-RNTI for URLLC, or the SFI for dynamic TDD. Therefore, CSS containing specific control information can also be configured in SCC. Furthermore, for the purpose of LTE-NR coexistence, the configuration of one carrier transmitting the PUCCH within the cell group is supported. This also bring benefits for PUCCH offload in NR CA. There are two options to achieve configurable PUCCH carrier within a PUCCH cell group. Option 1 is that PUCCH should be always transmitted in UL PCC and UL PCC can be configured. Option 2 is that PUCCH can be transmitted in a configured UL SCC in both primary PUCCH group and secondary PUCCH group. UL PCC reconfiguration is more complicated and option 1 may suffer from longer delay. On the other hand, option 2 is more flexible and may cause less specification effort, it should be supported in NR.

Proposal 15: For NR carrier aggregation, CSS containing DCI scrambled by INT-RNTI and DCI for SFI can be transmitted in SCC.

Proposal 16: PUCCH can be transmitted in a configured UL SCC in both primary PUCCH group and secondary PUCCH group.
7.2 Cross-carrier scheduling
User search space (USS)
In LTE, each carrier has dependent USS in both self-carrier scheduling and cross-carrier scheduling, and each DCI indicates the transmission corresponding to specific carrier. When a UE is configured with multiple carriers, it has to monitor multiple search spaces for multiple carriers. This leads to the increasing of the DCI blind decoding attempts and the corresponding power consumption in multi- carrier scenario. 

In NR, some further improvements can be considered. First, if multiple carriers can share the same USS, the number of blind decoding attempts will be decreased. The carriers sharing the same USS can be configured by DCI or high-layer signaling. Second, transmission on multiple carriers can be indicated by one DCI. In other words, one DCI is able to schedule multiple carriers and this would reduce the scheduling overhead.

To conclude, in NR the following options can be further studied.

Option 1: Reuse LTE design, i.e., separate USS and DCI for each carrier.

Option 2A: Multiple carriers share the same USS, separate DCI for each carrier.

Option 2B: Multiple carriers share the same USS, one DCI can schedule multiple carriers.

Maximum number of HARQ Process
For cross-carrier scheduling for carriers with different numerology, there may be an impact on minimum HARQ RTT timing which is related to the timing relationship including DCI-to-data and data-to-ACK timing. If the gNB and UE processing timing is not changed, the minimum HARQ RTT timing is expected to be increased when the DCI/HARQ-ACK slot duration is larger than the data slot duration. 
The maximum number of HARQ processes should be equal to the maximum number of HARQ process to achieve maximum UE throughput. If the minimum HARQ RTTI timing increases, there is an implication that there are only a portion of slots to allocate to a given UE, e.g. equal to the maximum number of HARQ processes, during HARQ RTT timeline. Hence there is capacity loss from UE perspective. It shall be noted that this does not necessarily mean there is capacity loss from network perspective since network may schedule different UEs within a given UE HARQ RTT timeline. 
An example of increased HARQ RTT due to increased DCI-to-data/data-to-ACK timing is illustrated in Figure 6, where HARQ RTT for self-carrier scheduling is 16 slots, and 20 slots for cross-carrier scheduling. The consequence is that in a 20-slot RTT, a UE can be scheduled with 16 slots, each corresponding to one HARQ process. Therefore for cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
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Figure 6 DL HARQ RTT for cross-carrier scheduling for aggregated carriers with the same and different numerology. HARQ RTT increases when DCI-to-data/data-to-ACK timing increases, which causes some slots in the prolonged HARQ RTT may not be used.
Potential restrictions on combination of different numerology
Cross-carrier scheduling for carriers with two different numerologies may cause additional complexity than same numerology case, in terms of scheduling timing and HARQ process, as explained above. It is expected that the complexity will further increase if cross carrier scheduling is performed with more numerologies. 
Cross carrier scheduling among carries with more than 2 numerologies may not be necessary. For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies. Some grouping principles should be investigated in this case, such as each group contains only 1 or 2 least different numerologies. 

One example is that for UE supporting data transmission from carriers with 3 numerologies, i.e. 15 kHz carriers with 1ms slot, 60 kHz carriers with 0.25ms slot, 120 kHz carriers with 0.125ms slot, the UE can be configured with 3 cross carrier scheduling groups each with one numerology, or 2 cross carrier scheduling groups one with {15, 60}kHz carriers and the other with 120 kHz carriers.
Proposal 17: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.
Cross-numerology scheduling
Regarding cross-CC scheduling between the carriers with different numerologies, there are two cases: Case 1) PDCCH in CC 1 with small sub-carrier spacing or long slot duration schedules PDSCH/PUSCH in CC 2 with large sub-carrier spacing or short slot duration, and Case 2) PDCCH in CC 1 with large sub-carrier spacing or short slot duration schedules PDSCH/PUSCH in CC 2 with small sub-carrier spacing or long slot duration. For Case 1), the baseline is one PDCCH in long slot schedules one PUSCH/PDSCH in short slot. To decrease DCI overhead, one PDCCH in long slot scheduling multiple short slots where each TB mapped on each slot or single TB mapped on scheduled slots can be supported. Otherwise, too much DCI overhead and high blocking will happen. For example, 8 DCIs are needed within single 15k-slot scheduling 8 120k-slots. For Case 2), PDSCH/PUSCH in one long slot is scheduled by one of multiple short slots. The scheduling short slot can be fixed or configured semi-statically to reduce the cost of blind monitor. For example, scheduling could be restricted to only the first slot of the CC1.

Proposal 18: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported.

· The short slot(s) of PDCCH scheduling long slot can be fixed or configured semi-statically.
7.3 Joint UCI feedback
Mapping between N cross scheduling carrier groups and P PUCCH cell groups
As abovementioned, for a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies, while it can be configured with P (P=1 or 2) PUCCH cell groups, each corresponding to up to 2 numerologies. It would be possible to support flexible mapping from N cross carrier scheduling groups to P PUCCH cell groups, e.g. by network configuration. One use case would be multiple cross carrier scheduling groups associated with one PUCCH cell group, i.e. sharing one PUCCH, as illustrated in Figure 7, to ensure PUCCH coverage.
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Figure 7 Multiple cross carrier scheduling groups associated with one PUCCH cell group
Proposal 19: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.

Codebook determination
It was agreed that support joint UCI feedback for aggregated carriers with the same or different numerology. Regarding on the codebook for HARQ-ACK multiplexing, similar to LTE, both semi-static codebook and dynamic codebook could be considered. For semi-static HARQ-ACK codebook determination, in addition to the number of configured CCs, size of bundling window (or associated set) and numerology difference between CCs are another factor determining the codebook size. Thus, the associated set should be further studied. For example, assuming the size of defined bundling window (or associated set) of PUCCH cell configured with 15kHz is 4, then the codebook size of CC configured with 60kHz could be 4*4=16. For dynamic HARQ-ACK codebook determination, DAI mechanism (counter DAI and total DAI is signaled/derived per PUCCH cell group) in LTE/LTE-A can be considered as a starting point. For the case CCs configured with different numerology, T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs as shown in Figure 8. The reason is that, gNB may not have the scheduling results in following short slots. Besides, some enhanced mechanisms may be needed for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
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Figure 8 Total DAI and counter DAI
Proposal 20: For dynamic HARQ-ACK codebook determination, the DAI mechanism in LTE/LTE-A can be considered as a starting point.
· C-DAI and T-DAI values are derived per PUCCH cell group.

· T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs.
· FFS enhancements for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
7.4 Timing Advance
In LTE multiple TAGs are supported to accommodate different timing alignments across carriers. RACH procedures are defined for PCarrier and SCarrier for TA acquisition. RACH on PCarrier can be contention based and PRACH transmission on SCarrier can be self-carrier triggered or cross-carrier triggered, while RACH response is transmitted on PCarrier. 

RACH procedures on secondary carrier shall be considered in NR. 
An open issue for NR TA especially in CA is the relationship between TA and numerology. LTE only supports 15k SCS, its TA related definitions are simple, such as TA granularity, maximum time difference among CCs and maximum number of TAGs. However, numerology-specific TA definitions should be supported since NR has scalable numerologies.

TA granularity
TA granularity is defined as 16Ts corresponding to about 0.52us in LTE, where Ts is defined as 1/(2048*15000) second. This time granularity can be reused for 15k SCS in NR, but cannot meet the demands of all the numerologies. It is observed the LTE granularity is too rough for large SCS from the following table, e.g. the LTE TA granularity is almost as long as the CP length for NR with 120k SCS NCP. One reasonable approach to solve this problem is to define numerology-specific TA granularity, such as scalable TA granularity according to SCS/CP length.

	Numerology
	CP length(in LTE Ts)
	CP length/ 0.52us
(LTE TA Granularity=0.52us)

	15k SCS, NCP
	144
	9

	30k SCS, NCP
	72
	4.5

	60k SCS, NCP
	36
	2.25

	60k SCS, ECP
	128
	8

	120k SCS, NCP
	18
	1.125


Proposal 21: NR should define numerology-specific TA granularity such as scalable TA granularity based on SCS/CP length. 
TA Grouping

It was agreed that a UE can be configured multiple BWPs in a CC, each of which is associated with one numerology. As discussed previously, numerology-specific TA granularity is needed. Besides, different numerologies have different CP lengths, which means different synchronization requirements. On the other hand, multiple beam configurations are supported in NR. Different beams will lead to different propagation paths and propagation delays. Thus, in addition to CC, BWP and beam are two new considerable dimensions when configuring TA grouping.
Proposal 22: Grouping M BWPs and/or beams belongs to same or different CCs into N TAGs, where N<=4, should be supported. 
7.5 Fast carrier activation/deactivation

Since NR support maximum 16 carriers for CA and DC, it is important to strive for a tradeoff between power consumption and high throughput. To be specific, UE should be able to operate on a small bandwidth (e.g., only one carrier is activated) at most times. When large traffic arrives, the UE should be able to turn on the a wider RF chain or multiple RF chains and the corresponding baseband immediately (e.g.,  activates multiple carriers) and turn off them after transmission as soon as possible. Currently In LTE, MAC CE is exploited to active/deactive carriers and it leads to a large delay time around 10ms. Since MAC CE fails to meet the requirements of NR CA/DC, NR calls for a new fast carrier activation/deactivation mechanism. Besides data transmission, such mechanism should also enable fast switching for synchronization and SRS transmission. RAN1 layer signaling such as DCI is much faster than MAC CE. Therefore NR should support to use DCI to activate/deactivate carriers. Some related issues such as signaling formats and robust methods to solve signaling failures can be further studied.
Proposal 23:  NR should support fast carrier activation/deactivation via DCI for CA and DC. 

8 NR DC
Synchronous DC

In LTE synchronous DC, UE can assume the maximum received timing difference from MeNB and SeNB is 33μs, and the MeNB and SeNB subframe boundaries coincide closely. In LTE asynchronous DC, the received timing difference is extended to 500μs, and the MeNB and SeNB subframe boundaries can differ significantly, e.g. the overlapping portion of subframes of MeNB and SeNB can be up to half a subframe. Therefore, two power control modes for DC are supported in LTE: Mode 1 for synchronous DC; Mode 2 for asynchronous DC.

As discussed above, synchronous and asynchronous DC mainly differ on the overlapping portion of subframes of MeNB and SeNB, which impacts the power control mode. In NR, multiple numerologies are supported. For a given timing difference, the overlapping portion of slots for different numerologies is different, e.g. more symbols would be overlapped when the subcarrier spacing is 120kHz as compared to 15kHz. Therefore, the definition of synchronous DC should take numerology into account. Synchronous DC in NR could be defined as the carriers from MeNB and SeNB have the same numerology and the time difference between slot boundaries of MeNB and SeNB is less than u us, where the value of u depends on numerology.
Proposal 24:  Synchronous DC in NR could be defined as the carriers from MeNB and SeNB have the same numerology and the time difference between slot boundaries of MeNB and SeNB is less than u us, where the value of u depends on numerology. 

9 SRS switching

In LTE Rel-14, SRS carrier-based switching was standardized so that a UE with fewer UL CCs than DL CCs in TDD can perform sounding on possibly all TDD CCs, thus providing the network with more accurate CSI on those CCs for better beamforming in DL due to channel reciprocity. In NR, it may still be very likely that a UE simultaneously supports more DL CCs (or more DL BPs, or wider DL bandwidth) than UL CCs (or UL BPs, or UL bandwidth), due to considerations on UE UL CA capability limitation, power consumption, coexistence requirements, etc. Thus, as agreed in RAN1#89, SRS switching will be supported so that the UE can perform sounding over time on all CCs (or BPs) with DL.
In general, it is beneficial to support SRS switching for all relevant features in NR. However, given the tight schedule of Rel-15 and that some features are yet to be finalized, only some of the SRS switching support can be standardized in Rel-15 and others should be for later releases. Moreover, to facilitate the standardization progress, Rel-14 SRS switching should be reused as much as possible. In a companion contribution [7], we analyze what can be directly reused from Rel-14 SRS switching for NR, discuss some new standard support necessary in Rel-15 to address some key new additions/changes, and also point out some potential enhancements for further study in Rel-16 and beyond. We have the following proposal:

Proposal 25: For SRS CC-based and BWP-based switching in Rel-15, directly reuse Rel-14 design as much as applicable, and limit new designs and modifications to those essential in Rel-15, e.g., based on new frame structure.
10 Conclusion
Proposal 1:  Support the same CORESET for self-BWP scheduling and cross-BWP scheduling. 
Proposal 2: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
Proposal 3: Support a new timer for the activation/deactivation of a default BWP.
Proposal 4: The length of the guard period for RF retuning should be reported as a UE capability.

Proposal 5: The starting/ending position of the guard period for UE RF retuning should be predefined.
Proposal 6: RBG size set is determined by the size of the BWP, and RBG size is configured/indicated within the set.
Proposal 7: Support cross-BWP retransmission with the same numerology in NR.
Proposal 8: BWPs with different numerologies could be overlapped, and rate matching for CSI-RS/SRS of another BWP in the overlapped region could be considered. 
Proposal 9: The bandwidth of initial active DL BWP is informed in NR-PBCH.
Proposal 10: The center frequency of initial active DL BWP is aligned with center frequency of SS block.
Proposal 11: The offset between the edge of SS block PRBs and the PRB boundary for other channel (e.g. control channel, data channel) is indicated via NR-PBCH.
Proposal 12: Define common PRB indexing for initial access with respect to the PRB 0 determined by the center of the SS block and the bandwidth of initial active BWP.
Proposal 13: For common PRB grid used for BWP configuration in RRC connected state, the offset between the PRB 0 and SS block is indicated through RMSI in number of PRBs using the same numerology as that of SS block.
Proposal 14: The reference PRB of each numerology is determined from the reference PRB of SS block numerology by a predefined rule. 
Proposal 15: For NR carrier aggregation, CSS containing DCI scrambled by INT-RNTI and DCI for SFI can be transmitted in SCC.

Proposal 16: PUCCH can be transmitted in a configured UL SCC in both primary PUCCH group and secondary PUCCH group.
Proposal 17: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.
Proposal 18: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported.

· The short slot(s) of PDCCH scheduling long slot can be fixed or configured semi-statically.
Proposal 19: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.

Proposal 20: For dynamic HARQ-ACK codebook determination, the DAI mechanism in LTE/LTE-A can be considered as a starting point.
· C-DAI and T-DAI values are derived per PUCCH cell group.

· T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs.
· FFS enhancements for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
Proposal 21: NR should define numerology-specific TA granularity such as scalable TA granularity based on SCS/CP length. 
Proposal 22: Grouping M BWPs and/or beams belongs to same or different CCs into N TAGs, where N<=4, should be supported. 
Proposal 23:  NR should support fast carrier activation/deactivation via DCI for CA and DC. 

Proposal 24:  Synchronous DC in NR could be defined as the carriers from MeNB and SeNB have the same numerology and the time difference between slot boundaries of MeNB and SeNB is less than u us, where the value of u depends on numerology. 
Proposal 25: For SRS CC-based and BWP-based switching in Rel-15, directly reuse Rel-14 design as much as applicable, and limit new designs and modifications to those essential in Rel-15, e.g., based on new frame structure.
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