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In this contribution, remaining issues and corrections on BWP are discussed in section 2, and remaining issues on CA are discussed in section 3.
Remaining issues and corrections on BWP
In this section, remaining issues and corrections on BWP are discussed including 
· Center frequency of BWP configurations 
· UE behavior of BWP inactivity timer expiration
Center frequency of BWP configurations
In the section, the center frequency of initial DL/UL BWP and related retuning scheme raised in [1] are discussed. In [1] it is proposed that an idle UE retunes centre frequency to the centre of Initial UL BWP#0 configured in SIB1 to perform RACH.
It was agreed that a DL/UL BWP pair share the same center frequency but may be of different bandwidths for unpaired spectrum. This is captured in TS38.213 as“For unpaired spectrum operation, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the centre frequency for an UL BWP when the bwp-Id of the DL BWP is same as the bwp-Id of the UL BWP”. 
It was agreed that the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access, which is captured in TS38.331 as “The locationAndBandwidth is applicable after reception of Msg4”
Following the above agreements, for initial DL BWP configured by initialDownlinkBWP in SIB1, the center frequency of initial DL BWP in MIB (CORESET#0), initial DL BWP in SIB1 and initial UL BWP in SIB1 should be aligned. From UE point of view, UE does not expect that the center frequency of initial DL BWP in MIB (CORESET#0), initial DL BWP in SIB1 and initial UL BWP in SIB1 are different.
The invalid initial BWP configurations with different center will introduce large UE impact as shown in Figure 1. When a UE in Idle mode wants to receive system information, the UE first retunes to the center of frequency to the initial DL BWP in MIB; then when the UE performs PARCH, the UE needs to retune to the center of initial UL BWP. Afterwards, during the whole initial access, the initial active DL BWP in MIB and the initial active UL BWP have different center frequencies, and so, the UE needs to either retune back to the center frequency of initial active DL BWP in MIB or activate the initial DL BWP in SIB1 to receive Msg 2 and 4, both of which are against latest RAN1 agreements and have large impact on UE implementation.
 

[bookmark: _Ref528264975]Figure 1 Valid (left) and invalid (right) initial BWP configurations
Proposal 1: gNB should ensure the valid initial BWP configurations and UE does not need to handle invalid configurations per current RAN1 specification.
Clarification on UE behavior of BWP inactivity timer expiration
In this section, UE behavior is clarified when a UE changes an active DL BWP due to a BWP inactivity timer expiration. In current specification TS 38.213 shown below, the UE is not required to receive or transmit during a time duration from the beginning of a subframe or half of a subframe that is immediately after the BWP inactivity timer expires until the beginning of a slot where the UE can receive or transmit. 
For a cell where a UE changes an active DL BWP due to a BWP inactivity timer expiration and for accommodating a delay in the active DL BWP change or the active UL BWP change required by the UE [TS 38.133], the UE is not required to receive or transmit in the cell during a time duration from the beginning of a subframe for FR1, or of half of a subframe for FR2, that is immediatelly after the BWP inactivity timer expires until the beginning of a slot where the UE can receive or transmit.
Besides, in RAN4 specification TS 38.133 shown below, the UE starts BWP switch at the begining of next subframe after the BWP-inactivity timer expires.
For timer-based BWP switch, the UE shall start BWP switch at slot n, where n is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a serving cell, and the UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay.
According to the current agreement, if a BWP inactivity timer expires in a slot, UE shall start BWP switch at the beginning of next subframe. Therefore, the BWP is active and the UE can receive or transmit during a time duration from the beginning of a slot after the BWP inactivity timer expires until the beginning of next subframe. For example, as shown in Figure 2, if a BWP inactivity timer expires in slot 1, UE shall start BWP switch at slot 4, which is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer expires. The UE behavior of slot 2 and slot 3 is that UE can receive or transmit.
 
[bookmark: _Ref528265022]Figure 2 UE behaviour of BWP inactivity timer expiration
Observation 1: UE can receive or transmit during a time duration from the beginning of a slot after the BWP inactivity timer expires until the beginning of next subframe.
Remaining issues on CA 
The following agreements were achieved w.r.t CA in RAN1#94bis: 
Agreements:
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per numerology per slot is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y)}, where;
· Xi (i=0, 1, 2, 3) denotes the number of DL-CCs per numerology i
· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for numerology i, respectively
· Discuss further offline per CC limit for the above two cases
Agreement:
· Update the RAN1#94 conclusion as following:
	Conclusion:
· For self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells and for cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.



Conclusion:
· It is understood that the BD/CCE limit is based on the current active DL BWP
In this section, remaining issues on CA are discussed including
· The limit of BDs/CCEs for CA case
· CCE indexes for cross-carrier scheduling
· Dynamic HARQ-ACK codebook design
The limit of BDs/CCEs for CA case
From RAN1#93 to RAN1#94bis, a couple of agreements have been achieved for the limit of BDs/CCEs for CA.  All the scenarios and the corresponding agreements already reached are summarized in Table 1. For reading convenience, the texts in different color and highlighted are used to indicate several issues we are concerned about. The text in blue is new updated in the latest meeting. The text in red is added to point out remaining issues. The text highlighted in blue is the content about per CC limit. The text highlighted in green is the limit defined in current agreements. The text highlighted in yellow is the content about overbooking.
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	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
(for all DL serving cells)
	Mixed numerologies

	
	
	
	
	Different numerologies between scheduling cell and scheduled cell
	Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells

	T=<4 or 4<T=<y
	Case 1
The limit per CC per slot equal to the limit for non-CA case
NW ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
	Case 4
The limit of the scheduling CC per slot is (number of schedulable CCs)*limit for non-CA case
No agreements on per CC limit and SCell overbooking
	Case 6-1
(Postponed to Rel.16)

	Case 6-2
the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case) 
(Same as case 4)
No agreements on per CC limit and SCell overbooking

	T>4 and T>y
	Case 2
The total limit across CCs is based on BD capability and can be split across CCs, subject to the non-CA limit on each CC.
For SCell, NW ensures no overbooking based on non-CA case occurs.

	Case 3
The total limit across CCs per μ is based on BD capability, subject to the non-CA limit on each CC.
The limit per μ is y*M(μ) and proportion of the number of configured CCs with μ to the total number of configured CCs.
For SCell, NW ensures no overbooking based on non-CA case occurs.

	Case 5
The total limit across CCs is based on BD capability and can be split across CCs, subject to the non-CA limit on each CC
(same as case 2)
For SCell, NW ensures no overbooking based on non-CA case occurs.

	Case 7-1
(Postponed to Rel.16)

	Case 7-2
the limit of BDs/CCEs per μ per slot  is y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
No agreements on per CC limit and SCell overbooking


The remaining issues need further discussion are as following:
· Issue 1: Is the BDs/CCEs limit determined based on the number of configured downlink cells or the number of activated downlink cells?
· Issue 2: How is the numerology of a serving cell determined for BDs/CCEs limit determination?
· Issue 3: Is “per scheduled CC limit” also necessary for cross-carrier scheduling?
According to the analysis in [2], the following proposals are given:
Proposal 2: The total BDs/CCEs limit is determined by the number of configured downlink cells.
Proposal 3: For determination of total BDs/CCEs limit, the numerology of an active downlink cell is the numerology of the active DL BWP in the cell, and the numerology of an inactive downlink cell is the numerology of the first active DL BWP of the cell.
Proposal 4: The maximum number of BDs/CCEs monitored by the UE for a serving cell is determined by the numerology of active BWP. 
Proposal 5: For cross-carrier scheduling in Case 4, Case 6-2, and Case 7-2, per scheduled CC limit is necessary and the network ensures no overbooking based on non-CA case occurs for SCell.

CCE indexes for cross-carrier scheduling
In document [2], the backgrounds of the LS about the search space configuration for cross-carrier scheduling from RAN1 and RAN2 are introduced. Two potential directions from RAN2 LS are analysed. The corresponding solution is also provided. 
According to the analysis in [2], the following proposal is provided.
Proposal 6: Search space mapping between the SS set within the active BWP of the scheduling cell and the SS set within the active BWP of the scheduled cell is needed.

Dynamic HARQ-ACK codebook design
PDCCH monitoring occasion ordering with the same start time
In current spec for PDSCH scheduling, the location of PDCCH scheduling PDSCH is flexible based on search space set and CORESET configurations. On the active BWP, multiple CORESETs and search space sets can be configured to a UE.
In the latest version of RAN1 NR UE features [3], the following additional descriptions were introduced:
· FG #3-5b:
· For the set of monitoring occasions which are within the same span: 
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
According to the third bullet, the following observation can be made:
Observation 2:  Two unicast DCIs scheduling DL PDSCHs can be supported for a set of monitoring occasions which are within the same span, including the case that the two DCIs are within the set of monitoring occasions with the same start time and the case that the two DCIs are within the same monitoring occasion. 
· Case 1: Two DCIs within two monitoring occasions with the same start time
In current spec for dynamic HARQ-ACK codebook determination, the value of the counter DAI and total DAI field in DCI are used to generate HARQ-ACK bits, where the counter DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) up to the current serving cell and current PDCCH monitoring occasion and the total DAI denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. This means PDCCH monitoring occasion is an important parameter to determine counter DAI and total DAI. The ordering of PDCCH monitoring occasion will impact on the ordering of HARQ-ACK bits in the codebook. 
The following description is about how the PDCCH monitoring occasions are determined and how they are ordered in the current spec TS38.213: 
 “A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot.” 
 “The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion.” 
[image: ]
[bookmark: _Ref528186679]Figure 3 Two PDSCHs scheduled by two DCIs in monitoring occasions 1 and 2 with the same start time
As we know, a PDCCH monitoring occasion is a time duration (i.e. one or a consecutive number of symbols) during which the UE is configured to monitor the PDCCH. Based on the statements above, a PDCCH monitoring occasion is determined by both the search space set configuration and the associated control resource set (CORESET) configuration for a UE.  Assuming CORESET 1 and CORESET 2 are configured to a UE with the duration of 1 symbol and 2 symbols respectively. Search space set 1 and Search space set 2 configured to the UE are associated with CORESET 1 and CORESET 2. Search space set 1 and Search space set 2 have the same PDCCH monitoring periodicity, PDCCH monitoring offset and PDCCH monitoring pattern. Therefore, as shown in Figure 3, two PDCCH monitoring occasions with the same start time are derived. It is not clear how to order these two PDCCH monitoring occasions based on the current spec. 
One solution to solve this issue is to add other information to further identify different PDCCH monitoring occasions, e.g. the duration of the PDCCH monitoring occasion. A simple way is to reuse SLIV principle to calculate index of each PDCCH monitoring occasion and then ordered according to the PDCCH monitoring occasion indexes. For example, the index of a PDCCH monitoring occasion Pi = 14(L−1) + S, where S denotes the start time of the PDCCH monitoring occasion and L denotes the duration of the PDCCH monitoring occasion. Taking Figure 3 as an example, P1 = 0, P2 = 14. The ordering of these PDCCH monitoring occasions would be first PDCCH monitoring occasion 1 then PDCCH monitoring occasion 2. Other information, e.g. search space set index, CORESET index or the start time of the scheduled PDSCH can also be considered.
· Case 2: Two DCIs within the same monitoring occasion
The same PDCCH monitoring occasion ordering issue exists also for Case 2. In this case, the two DCIs cannot be distinguished by the search space set index or the CORESET index if the two DCIs are in the PDCCH monitoring occasion from the same search space set configuration. The start time of the scheduled PDSCH can also be considered in this case.
In order to solve the issue for the both cases described above, the following proposal is provided and the corresponding draft CR for TS 38.213 subclause 9.1.3.1
Proposal 7: The set of PDCCH monitoring occasions are ordered first in ascending order of start time of the search space set associated with a PDCCH monitoring occasion and then in ascending order of the start time of the PDSCHs scheduled by the DCIs within the PDCCH monitoring occasion(s) with the same start time. Adopt the changes in the accompanied CR.

Conclusion
According to the above discussions, we have the following observations and proposals:
For remaining issues and corrections on BWP:
Observation 1: UE can receive or transmit during a time duration from the beginning of a slot after the BWP inactivity timer expires until the beginning of next subframe.

Proposal 1: gNB should ensure the valid initial BWP configurations and UE does not need to handle invalid configurations per current RAN1 specification.
For remaining issues and correction on CA:
Observation 2:  Two unicast DCIs scheduling DL PDSCHs can be supported for a set of monitoring occasions which are within the same span, including the case that the two DCIs are within the set of monitoring occasions with the same start time and the case that the two DCIs are within the same monitoring occasion. 

Proposal 2: The total BDs/CCEs limit is determined by the number of configured downlink cells.
Proposal 3: For determination of total BDs/CCEs limit, the numerology of an active downlink cell is the numerology of the active DL BWP in the cell, and the numerology of an inactive downlink cell is the numerology of the first active DL BWP of the cell.
Proposal 4: The maximum number of BDs/CCEs monitored by the UE for a serving cell is determined by the numerology of active BWP. 
Proposal 5: For cross-carrier scheduling in Case 4, Case 6-2, and Case 7-2, per scheduled CC limit is necessary and the network ensures no overbooking based on non-CA case occurs for SCell.
Proposal 6: Search space mapping between the SS set within the active BWP of the scheduling cell and the SS set within the active BWP of the scheduled cell is needed.
Proposal 7: The set of PDCCH monitoring occasions are ordered first in ascending order of start time of the search space set associated with a PDCCH monitoring occasion and then in ascending order of the start time of the PDSCHs scheduled by the DCIs within the PDCCH monitoring occasion(s) with the same start time. Adopt the changes in the accompanied CR.
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