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Introduction
During last meeting in Goteborg, RAN1 delegates made a hard decision to support BWP Option#2 in both sPCell and SCell [1]. Although several rounds of offline discussion have been carried out in last meeting, there are still some detailed issues remaining to be further checked and clarified. In Section#2, we put forward our views on these issues which have been figured out till now.
On another aspect, it’s still not clear how to handle the collision when BWP changing meets slot-aggregation. In Section#3, we present our proposals on how to handle this collision.
In the last part, we propose a TP on BWP configuration for the latest draft version of 38.213.
Remaining Issues on BWP Option#2
[bookmark: _Ref12762]Time Instant to Activate the Initial DL BWP Configured by SIB1
In the last day of RAN1#94, the following agreements are achieved.
	Agreements:
· Modify the agreements in RAN1#92bis as follows.
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWPCORESET#0
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWPCORESET#0
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWPCORESET#0.
· Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP in CSS
· Modify the agreements in RAN1#91 as follows if Option #2 is supported in PCell
· CORESET configured by RMSI is confined within the initial DL BWPthe bandwidth of CORESET#0
· For PCell, the initial DL BWP can be configured in SIB1 to be the same as or different with the initial DL BWP as initially defined by CORESET#0
· The initial DL BWP configured in SIB1 includes the bandwidth of CORESET#0
· If the initial DL BWP configured by SIB1 is different with the initial DL BWP as initially defined by CORESET#0, the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access
· For PSCell and SCell, the initial DL BWP of a cell can be configured to be the same as or different with the initial DL BWP as defined by CORESET#0 of the cell
· The initial DL BWP of a cell includes the bandwidth of CORESET#0 of the cell
· Note: RAN1 assumes that the above agreements related to PCell, PSCell and SCell have no RAN1 specification impact and will be captured in RAN2 specs
· Send LS to RAN2 to ask RAN2 to capture the above agreements related to PCell, PSCell and SCell in RAN2 specs, draft LS in R1-1810000, which is approved with final LS in R1-1810002



As shown in the highlights in yellow, the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access. What is not clear is when the UE shall activate this initial DL BWP configured by SIB1.  There are at least two interpretations for this agreements.
Interpretation#1: The initial DL BWP configured by SIB1 is activated after the initial access. Before than, CORESET#0 is regarded as the “initial DL BWP” for initial access UEs.
Interpretation#2: The UE shall activate the initial DL BWP configured by SIB1 immediately after receiving SIB1. Meanwhile, all the DL scheduling must be restricted within the bandwidth of CORESET#0 before the end of initial access.
It is not clear when the UE shall activate the initial DL BWP configured by SIB1, immediately after receiving SIB1 or after initial access.
For FDD system, Interpretation#1 and Interpretation#2 are applicable because the DL BWP and UL BWP can be separately configured and activated. Given that Interpretation#1 is adopted, UE activates its initial UL BWP immediately after receiving SIB1 and activates its initial DL BWP configured by SIB1 after initial access. It is detrimental to the access delay due to two BWP changing gap. Given that Interpretation#2 is adopted. UE can activate its initial DL BWP and initial UL BWP at the same time without the additional BWP changing gap compared with Interpretation#1.
Similar issue occurs in TDD system. What’s more, the DL BWP and UL BWP with the same centre frequency and same index are paired together in TDD system. It’s a little weird to advertise the configuration of initial DL BWP and initial UL BWP together while activate them separately.
Centre Frequency of BWP Pair
As mentioned in previous subclause 2.1, the initial DL BWP can be configured in SIB1 to be the same as or different with the initial DL BWP as initially defined by CORESET#0. In this case, UE is configured with one initial UL BWP and two initial DL BWPs, i.e., initial DL BWP defined by CORESET#0 and initial DL BWP configured by SIB1.
According to our previous agreements as shown below, the centre frequency of the paired DL BWP and UL BWP should be configured to be the same. This raise a critical issue for TDD system, i.e., how to align the centre frequency among one initial UL BWP and two initial DL BWPs.
	Agreement: (RAN1#90bis)
· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching
· FFS whether or not to support a single DCI switching DL and UL BWP jointly
· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair
· Note: there is no additional restriction on DL BWP and UL BWP pairing
· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum



The centre frequency alignment for Interpretation#1 is explained in Figure 1.  The centre frequencies of CORESET#0, initial UL BWP and initial DL BWP configured by SIB1 are f0, f1 and f2, respectively. After initial access, the initial UL BWP and initial DL BWP configured by SIB1 is applied for network attachment and UE-specific data scheduling. Without doubt, gNB should guarantee that f1 is equal to f2. The issue is whether gNB should guarantee that centre frequency of CORESET#0 (f0) and initial UL BWP (f1) be the same.
The CORESET#0 is applied as the initial DL BWP until the end of initial access. If the centre frequency of CORESET#0 and initial UL BWP are not the same, then UE has to retune its centre frequency every time UE changes its transmission/reception direction. On the other hand, configuring the same centre frequency for CORESET#0 and initial UL BWP is detrimental to the flexibility of bandwidth configuration. As an extreme example, if the CORESET#0 is configured at the start/end of one band, then gNB can’t configure a wide bandwidth for initial UL BWP because gNB should keep the centre frequency of CORESET#0 and initial UL BWP be the same.
It should be clarified how to align the centre frequency of CORESET#0, initial UL BWP and initial DL BWP configured by SIB1 in TDD system.
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[bookmark: _Ref20021]Centre frequency alignment for Interpretation#1.
Given that Interpretation#2 is adopted, this issue can be handled smoothly. As shown in Figure 2, gNB only needs to guarantee that the centre frequency of initial UL BWP is equal to that of initial DL BWP configured by SIB1.
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[bookmark: _Ref28188][bookmark: _GoBack]Centre frequency alignment for Interpretation#2.
[bookmark: _Ref506512228]At least for TDD system, it’s more reasonable to activate the initial UL BWP and initial DL BWP configured by SIB1 together, i.e., activate them immediately after receiving SIB1.
BWP Changing Collides with Slot-Aggregation
The proposals in this section are resubmitted from our last contribution [2] with some update.
During last meeting, we reached a consensus as shown below. In both TDD and FDD system, UE is not required to receive or transmit during a time duration from the end of the 3rd OFDM symbol of slot containing the PDCCH carrying BWP changing DCI till the beginning of a slot indicated by K0/K2.
	Agreements:(RAN1#94)
· To adopt the following TP to section 12 of 38.213:
………………….
-	set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the DCI format 0_1 or DCI format 1_1, respectively.
A UE does not expect to detect a DCI format 1_1 or DCI format 0_1 indicating active DL or UL BWP change with a time domain resource assignment field value providing a slot offset K0 or K2 for corresponding PDSCH reception or PUSCH transmission that is smaller than the active DL or UL BWP switching delay required by the UE [TS 38.133]. 
If a UE detects DCI format 1_1 indicating active DL BWP change for a cell, the UE is not required to receive or transmit in that cell during a time duration from the end of the 3rd OFDM symbol of a slot containing the PDCCH carrying DCI format 1_1 indicating active DL BWP change in the scheduling cell till the beginning of a slot indicated by K0 in the DCI format 1_1.
If a UE detects DCI format 0_1 indicating active UL BWP change for a cell, the UE is not required to receive or transmit in that cell during a time duration from the end of the 3rd OFDM symbol of a slot containing the PDCCH carrying DCI format 0_1 indicating active UL BWP change in the scheduling cell till the beginning of a slot indicated by K2 in the DCI format 0_1.
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.




Figure 3 is an example of collision between BWP changing and slot-aggregation in FDD system. During the transition time of DL BWP changing, UE is not required to transmit any signals. Thus, the UL slot-aggregation transmission during DL BWP transition time (i.e., slot#3 and slot#4) is canceled. After the DL BWP transition time, UE continues transmitting the remaining UL slot-aggregation transmission in slot#5.
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[bookmark: _Ref28264]BWP changing collides with slot-aggregation in FDD system.

The collision between BWP changing and slot-aggregation in TDD system is more complicated. Take UL slot aggregation for an example, as shown in Figure 4, the frame structure is DDXU (2ms, 30 KHz) with aggregationFactorUL = 4. Assume that slot#3, slot#4, slot#5 and slot#6 are applied for UL slot-aggregation transmission. In slot#4, UE receives a DCI 1_1 that indicates UE to change its BWP pair and UE completes BWP changing in slot#5. Due to the constraints of BWP transition time and slot structure, UE is not required to transmit slot-aggregation transmission in slot#4 and slot#5. 
After the BWP pair changing, the UL BWP has also been changed. The issue is whether UE should transmit the remaining slot-aggregation transmission in slot#6 or not.
[image: ]
[bookmark: _Ref29277]BWP changing collides with slot-aggregation in FDD system.
[bookmark: OLE_LINK1]It’s not clear in the current specifications whether UE should transmit the remaining slot-aggregation transmission that is in the new BWP after BWP changing.
To guarantee the transmission reliability, it preferable for UE to transmit the remaining slot-aggregation transmission that is in the new BWP after BWP changing. 
According to the agreements reached in RAN1#AH_1801, the same symbol allocation is used across aggregated slots and the TB is repeated across aggregated slots. In this case, transmitting the remaining slot-aggregation transmission that is in the new BWP after BWP changing incurs some resource allocation issues.
	Agreements:(RAN1#AH-1801)
· In case of slot-aggregation is configured
· the same symbol allocation is used across slots in UL
· Note: this aligns with the DL case
· the TB is repeated across the slots
· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)
· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL



Regarding the collision between BWP changing and slot-aggregation, the resource allocation field is applicable to the old BWP. Then how to interpret the resource allocation field for the new BWP? How to deal with the situation where the frequency resource is not sufficient for the slot-aggregation transmission?
After BWP changing, it’s critical for UE and gNB to judge whether the remaining slot-aggregation is suitable to transmit in the new BWP. One example judgment criterion is that the new BWP must have larger bandwidth than the old BWP.
When BWP changing collides with slot-aggregation, UE/gNB continues transmitting the remaining slot-aggregation transmission in the new BWP as long as the bandwidth of new BWP is larger than the old BWP.
TP on BWP Configuration
In the latest draft version of 38.213, the following description has been captured. As shown in the highlighted part, a UE may NOT be configured with higher parameter initialDownlinkBWP.
	38.213 Chapter 12
[------------------------------ Omitted -------------------------]
If a UE is not provided higher layer parameter initialDownlinkBWP, an initial active DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a control resource set for Type0-PDCCH common search space, and a subcarrier spacing and a cyclic prefix for PDCCH reception in the control resource set for Type0-PDCCH common search space; otherwise, the initial active DL BWP is provided by higher layer parameter initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial active UL BWP by higher layer parameter initialuplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by higher layer parameter initialUplinkBWP in supplementaryUplink.
[------------------------------ Omitted -------------------------]



However, according to the latest draft version of 38.331, the initialDownlinkBWP is always configured for UE in all cells, i.e., PCell, SCell and PSCell. 
For PCell, the ServingCellConfigCommonSIB: DownlinkConfigCommonSIB: initialDownlinkBWP are mandatory for UEs without any additional conditions. For PScell and SCell, as the descriptions of HOAndServCellAdd and ServCellAdd show, the ServingCellConfigCommon: DownlinkConfigCommon: initialDownlinkBWP are mandatory for UEs.
	PCell
	ServingCellConfigCommonSIB ::=      SEQUENCE {
    downlinkConfigCommon                    DownlinkConfigCommonSIB,
    uplinkConfigCommon                  UplinkConfigCommonSIB                                           OPTIONAL,   -- Need R
    supplementaryUplink                 UplinkConfigCommonSIB                                           OPTIONAL,   -- Need R
    n-TimingAdvanceOffset               ENUMERATED { n0, n25560, n39936 }                               OPTIONAL,   -- Need S
    ssb-PositionsInBurst                    SEQUENCE {
        inOneGroup                          BIT STRING (SIZE (8)),
        groupPresence                       BIT STRING (SIZE (8))                                       OPTIONAL -- Cond Above6GHzOnly
    },
    ssb-PeriodicityServingCell          ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160},

    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                          OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...
}

DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                         BCCH-Config,
    pcch-Config                         PCCH-Config,
    ...
}

	PScell
SCell
	ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                  OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                        OPTIONAL,   -- Cond HOAndServCellAdd
----------- Omitted ------------
}
HOAndServCellAdd:	This field is mandatory present for inter-cell handover and upon serving cell (PSCell/SCell) addition. Otherwise, the field is absent, Need M. 

DownlinkConfigCommon ::=        SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL                                 OPTIONAL,   -- Cond InterFreqHOAndServCellAdd
    initialDownlinkBWP              BWP-DownlinkCommon                              OPTIONAL,   -- Cond ServCellAdd
    ...
}

ServCellAdd: This field is mandatory present upon serving cell addition (for PSCell and SCell). It is optionally present, Need M otherwise.



For the above analysis, we view that the initialDownlinkBWP is mandatory for UE in all cell, including PCell, PSCell and SCell. Thus, the description in the latest draft version of 38.213 is a little redundant. 
We put forward the following TP,
	38.213 Chapter 12
[------------------------------ Omitted -------------------------]
If a UE is not provided higher layer parameter initialDownlinkBWP, an initial active DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a control resource set for Type0-PDCCH common search space, and a subcarrier spacing and a cyclic prefix for PDCCH reception in the control resource set for Type0-PDCCH common search space; otherwise, tThe initial active DL BWP is provided by higher layer parameter initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial active UL BWP by higher layer parameter initialuplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by higher layer parameter initialUplinkBWP in supplementaryUplink.
[------------------------------ Omitted -------------------------]



Conclusion
As summary, we propose the following observations and proposals,
· Remaining Issues on BWP Option#2
1. It is not clear when the UE shall activate the initial DL BWP configured by SIB1, immediately after receiving SIB1 or after initial access.
1. It should be clarified how to align the centre frequency of CORESET#0, initial UL BWP and initial DL BWP configured by SIB1 in TDD system.
1. At least for TDD system, it’s more reasonable to activate the initial UL BWP and initial DL BWP configured by SIB1 together, i.e., activate them immediately after receiving SIB1.
· BWP Changing Collides with Slot-Aggregation
It’s not clear in the current specifications whether UE should transmit the remaining slot-aggregation transmission that is in the new BWP after BWP changing.
1. To guarantee the transmission reliability, it preferable for UE to transmit the remaining slot-aggregation transmission that is in the new BWP after BWP changing. 
1. When BWP changing collides with slot-aggregation, UE/gNB continues transmitting the remaining slot-aggregation transmission in the new BWP as long as the bandwidth of new BWP is larger than the old BWP.
· TP on BWP Configuration
1. We put forward the following TP,
	38.213 Chapter 12
[------------------------------ Omitted -------------------------]
If a UE is not provided higher layer parameter initialDownlinkBWP, an initial active DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a control resource set for Type0-PDCCH common search space, and a subcarrier spacing and a cyclic prefix for PDCCH reception in the control resource set for Type0-PDCCH common search space; otherwise, tThe initial active DL BWP is provided by higher layer parameter initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial active UL BWP by higher layer parameter initialuplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by higher layer parameter initialUplinkBWP in supplementaryUplink.
[------------------------------ Omitted -------------------------]
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