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Introduction
In RAN1#91, it has been concluded that 
· remaining details of default BWP timer are discussed in RAN2
· transition times due to BWP switching are discussed in RAN4

The remaining aspects to be discussed in RAN1 aiming R15 completion are: 
· Design of BWP switching DCI
· Aspects of HARQ-ACK transmission during/after UL BWP switching 
· [bookmark: _Hlk505964763]Fast CSI acquisition after BWP switch
· Reference point A configuration

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Remaining aspects of BWPs
On design of BWP switching DCI

The support of zero-RA scheduling DCI for BWP switching has been discussed for several meetings. A scheduling DCI is designed for non-zero-RA scheduling as the normal case. Therefore, if we want to use zero-RA scheduling DCI, some specific state should be found to represent the zero-RA. With type 0 RA, zero-RA can be configured by setting all the bits to 0 in the bitmap for RA in frequency domain. With type 1 RA, the length in terms of contiguously allocated virtual resource blocks  cannot be 0, however a state of all ones could be used, because it is a reserved state for all supported BWP sizes in R15. The time-domain resource allocation signals a row in a preconfigured table, where each row is consisting of a combination K0, SLIV and DMRS TYPE. Therefore, the reserved state is not always available. Observations are summarized in Table 1. 
Table 1. summary of RA used for zero-RA
	RA type
	Analysis
	Conclusion

	Type-0 RA, frequency domain
	For RA in frequency domain, ‘0000…0000’ as the bitmap for RA
	Possible

	Type-1RA, frequency domain
	
if  then


else 




where 1 and shall not exceed.
For RA in frequency domain, ‘1111…1111’ as the bitmap for RA is a reserved state for all Supported BWP sizes of 24-273 RBs in R15
	Possible 

	RA time domain
	Consist of a combination K0, SLIV and DMRS TYPE. The reserved state is not always available.
	Not possible



Observation-1: Support of zero-RA in NR R15 is feasible 
In the NRAH1801, it was agreed 
Working assumption:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP

The consequence of this WA (if confirmed) would be a gNB’s scheduling restriction in the first slot after transition period. With TYPE0 RA a gNB would be able to schedule only a part/sub-band of the new BWP after transition period with TYPE0 RA, as shown in Figure 1. And with TYPE 1 RA, shown in Figure 2. 


Figure 1 TYPE0 zero-padding



Figure 2 TYPE1 according to WA with unpredictable resource allocations
With TYPE1 RA, the restriction is illustrated on Figure 3, showing RIV values and corresponding start () and length () for 24RB BWP. If most significant bits of RIV value are set to 0, gNB can schedule only small allocations or full BW corresponding to low values of RIV. While small-allocations are sufficient for scheduling RAR (as in LTE), for regular scheduling after BWP switch it might be too restrictive. And the issue becomes more significant, if in addition to first PxSCH after switching this restriction applies also to all PxSCH scheduled by fall-back DCI as discussed in accompanying contribution [1].
[image: ]
Figure 3 RBstart and LRB to RIV mapping for 24RB BWP

Observation-2: Padding the RIV value with zeros results in undesirable pruning of start and/or length values. This might be sufficient for scheduling of RAR, but not for regular data channels.

Therefore, we propose a modification to WA for TYPE1 RA, where the DCI RA-bitfield is interpreted based on the shortened virtual BWP, as shown in Figure 4. The shortened virtual BW is determined given the size of the RA-bitfield b of the BWP where switching DCI is transmitted, as . The interpretation of RA bitfield according to size of virtual BWP’#1 allows for larger allocations compared to interpretation according to the size of BWP#0.



Figure 4 TYPE1 - proposed - with shortened virtual BWP size
On the other hand, the first slot after transition period could be scheduled from the new BWP instead, but it cannot be, because UE would be mandated to process two PDSCH at the same time, which can be part of UE’s capability but not a mandatory feature. Therefore, we think that zero-RA “dummy” scheduling DCI for switching should be supported together with the WA (if confirmed in some form). Otherwise, we think that it would be a much cleaner solution to support Option 2, discussed in the last meeting, where a size of a DCI format bitfields are constant across BWPs, and determined by the largest size of bitfield across configured BWPs, rather than above messy solution. Based on above discussion we have the following proposal:
[bookmark: _Hlk505962253]Proposal-1: Support one of the following alternatives:
· ALT1:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· For TYPE0 RA, zero-pad too small bitfields to match the bitfield size of new BWP 
· 
For TYPE1 RA, reinterpret the too small bitfield of size b based on shortened BWP size of the new BWP 
· Truncate too large bitfields to match the bitfield size of new BWP of new BWP to match bitfields of current BWP, UE determines the frequency resource allocation 
· When TYPE0 RA bits are all set to 0, the scheduling grant is zero-RA grant
· When TYPE1 RA bits are all set to 1, the scheduling grant is zero-RA grant
· ALT2 (our preference): Do not confirm the WA. Instead, UE assumes, a bitfield size in DCI format 1_1 or 0_1 is determined by the largest required bitfield size across the configured BWPs, DL BWPs for a DL assignment and UL BWPs for a UL grant. 
· UE truncates too large bitfields in the DCI to match the scheduled BWP.	
[bookmark: _Hlk510452389]On aspects of HARQ-ACK transmission during/after DL and/or UL BWP switching transition period
In meeting RAN1#91, the following agreement was agreed related to transmission of HARQ-ACK feedback due on BWP B but scheduled from BWP A for FDD (paired spectrum):
Agreements 1:
· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum

In Athens RAN1#92, the following agreement related to HARQ-ACK and BWP switching was reached 
Agreements 2:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 


For completeness, current text in section 12 of 38.213: “For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on a PUCCH resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell between a time of a detection of the DCI format 1_0 or the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH.”

Given the above two agreements, the last open case seems to be TDD with dynamic codebook. 

Observation-3: It remains open how to treat HARQ-ACK feedback before switch of DL/UL BWP pair for unpaired spectrum with dynamic codebook.  

The original Agreement 1, if accepted also for unpaired spectrum, has two issues:
· Issue-1: The dropping of ACK/NACK feedback, as agreed for paired spectrum and semi-static HARQ-ACK CB, is simple but not efficient solution because gNB has to schedule redundant HARQ retransmission for all impacted DL HARQ processes, regarding its 90% probability of successful decoding. 
· Issue-2: For unpaired spectrum, there is one more issue with reusing the agreed dropping solution. If the BWP-pair is adapted by switching DL assignment, the confirmation ACK would not be transmitted by the UE at all, it would be dropped. 

Issue-1 can be alleviated at the expense of increased latency of BWP switching. A smart gNB does not want the feedback to be dropped by UE due to BWP switching. Therefore, the gNB would postpone the transmission of switching DL assignment/UL grant to the first slot of the DL association set, as shown in Figure 5 (yellow-PDSCH, brown-PDCCH, green-PUSCH, red-PUCCH, T transmission period). Note that in our example, for simplicity of illustration, the DL association set coincides with DL/UL semi-static assignment cycle, but in some cases those can be also mis-alligned.



Figure 5 Example of two switching cases (i) low-latency + dropping (ii) high-latency + no dropping. [FL – flexible slot, DL – downlink slot, UL – uplink slot]

Observation-4: To avoid HARQ-ACK dropping, the gNB would be forced to transmit switching DCIs in the first slot of the DL association set. This resulting in BWP switching delay.  

Issue-2 has been already partly (for semi-static, but not for dynamic) solved by Agreement 2, which compared to Agreement 1, talks about HARQ-ACK dropping for PDSCH transmitted before the BWP switch instead of PDSCH scheduled before the BWP switch. However, to provide solution also for dynamic codebook, we propose to generalize the Agreement 2.

Proposal-2: Generalize the current agreement accordingly:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 

As discussed above, based on current agreements, gNB is forced to re-transmit PDSCH with dropped HARQ-ACK feedback, or postpone the BWP switching. Both options are not ideal. It would be much better if HARQ-ACK bits before the BWP switch in a DL association set could be transmitted on the new BWP, as discussed in Appendix A. Based on discussion in Appendix A, we have the following proposal:

Proposal-3: In R16 consider the following: When UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, HARQ-ACK bits are mapped on 
· PUCCH resource and slot indicated by the BW switching DL assignment by ARI and K1 
· Piggy-backed on the PUSCH granted by the switching UL grant

On CSI operation for BWP 
NR supports in R15 three types of CSI reports as shown in Table 1
Table 1 Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations from 38.214
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	For reporting on PUCCH: the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Semi-Persistent CSI-RS
	Not Supported
	For reporting on PUCCH, the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.



For fast acquisition of CSI, after the BWP switch, gNB may trigger an A-CSI report based on Aperiodic CSI-RS and IMR as illustrated in Figure 6, where after the transition period (4 blue slots) triggered by DL assignment, a gNB triggers by a separate UL grant on the new BWP a CSI measurement in the same slot and CSI is reported on PUSCH triggered by the UL grant in the first UL slot after the switch (in this example). For BWP switch by UL grant, the CSI report can be triggered by the switching DCI itself, as shown in Figure 7, gNB carefully configuring the “offset” of the CSI measurement and signaling of “K2” time domain allocation of PUSCH.




Figure 6 Fast acquisition of CSI in R15, BWP switch by DL assignment



Figure 7 Fast acquisition of CSI in R15, BWP switch by UL grant

In R15, a mandatory BWP feature is a support of one dedicated BWP activated by RRC. And the next implementation step would be the support of two properly nested dedicated BWPs switched by DCI (power saving scenario). A gNB operating this power-saving scenario may reuse the previously active BWP CSI to schedule data on the active BWP after the transition period. In addition, gNB can make use of mechanism shown in Figure 6 and 7 for fast CSI acquisition if necessary. Therefore, we think that no additional mechanism is required for fast CSI acquisition on the active BWP after switching transition period in R15. On the other hand, in R16 the benefits of fast CSI acquisition optimized for the BWP switching should be studied.  
Observation-5: In R15, no additional mechanism is required for fast CSI acquisition on the active BWP after switching transition period. In R16, study the benefits of fast CSI acquisition optimized for the BWP switching. 
On reference point A configuration in PsCell
The RAN plenary guidance is to finalize the December drop spec by March as NSA NR, where NR is the secondary cell group. In RAN1#91 it has been agreed that for all types of serving cell, an offset point A and the reference location is signalled:
· A UE is RRC signaled with the following for common PRB indexing
· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)
· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved
· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved
· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved
· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· Common PRB with index 0 for all SCSs contains point A
· Offset between point A and the lowest subcarrier of the lowest usable PRB of a given SCS
· The offset is indicated in the unit of PRB based on the given SCS
· …..


However, endorsed ASN.1 document TS38.331 seems to directly configure point A using NR-ARFCN for all the above highlighted scenarios:

[bookmark: _Toc509607758]		–                  FrequencyInfoDL
The IE FrequencyInfoDL provides basic parameters of a downlink carrier and transmission thereon. 
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-DL-START

[bookmark: _Hlk505296607]FrequencyInfoDL ::=                SEQUENCE {
    -- Frequency of the SSB to be used for this serving cell. The frequency provided in this field identifies the position of 
    -- resource element RE=#0 (subcarrier #0) of resource block RB#10 of the SS block. The cell-defining SSB of an SpCell is always on
    -- the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see 38.101).
    absoluteFrequencySSB                   ARFCN-ValueNR,
    -- The frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
    -- Absence of the field indicates that no offset is applied (offset = 0). For FR2 only values up to 11 are applicable. 
    -- Corresponds to L1 parameter kssb (See 38.211, section 7.4.3.1)
[bookmark: _Hlk503917613]    ssb-SubcarrierOffset                   INTEGER (1..23)                                                           OPTIONAL,   -- Need S
    -- List of one or multiple frequency bands to which this carrier(s) belongs. Multiple values are only supported in 
    -- system information but not when the FrequencyInfoDL is provided in dedicated signalling (HO or S(p)Cell addition).
    frequencyBandList                   MultiFrequencyBandListNR,
    -- Absolute frequency position of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A. 
    -- Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList.
    -- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
    absoluteFrequencyPointA                ARFCN-ValueNR,

    -- A set of carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
    -- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
    scs-SpecificCarrierList                SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
    ...
}

-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

[bookmark: _Toc509607759]–                  FrequencyInfoUL
The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon. 
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-UL-START

FrequencyInfoUL ::=                SEQUENCE {
[bookmark: _Hlk506657608]    -- List of one or multiple frequency bands to which this carrier(s) belongs. Multiple values are only supported in 
    -- system information but not when the FrequencyInfoDL is provided in dedicated signalling (HO or S(p)Cell addition).
    frequencyBandList                  MultiFrequencyBandListNR                                       OPTIONAL,   -- Cond FDD-OrSUL
    -- Absolute frequency of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A.
    -- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
    absoluteFrequencyPointA                    ARFCN-ValueNR                   OPTIONAL,   -- Cond FDD-OrSUL
    -- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
    -- Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList.
    -- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
    scs-SpecificCarriers               SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,

    -- The additional spectrum emission requirements to be applied by the UE on this uplink. 
    -- If the field is absent, the UE applies the value FFS_RAN4. (see FFS_section, section FFS_Section)
    additionalSpectrumEmission          AdditionalSpectrumEmission                                     OPTIONAL,   -- Need S
    -- FFS_Definition. Corresponds to parameter FFS_RAN4. (see FFS_Spec, section FFS_Section)
    -- If the field is absent, the UE applies the value FFS_RAN4.
    p-Max                              P-Max                                                         OPTIONAL,   -- Need S
    -- Enable the NR UL transmission with a 7.5KHz shift to the LTE raster. If the field is absent, the frequency shift is disabled.
    frequencyShift7p5khz               ENUMERATED {true}                                             OPTIONAL,   -- Cond FDD-OrSUL-Optional
    ...
}

 -- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP


We think that the RAN2 option is much more simple, and therefore
	
Proposal-3: Adopt the RAN2 configuration of point A in RAN1. 
Text proposal in TS 38.211:
	[bookmark: _Toc500952621]4.4.4.2	Point A
Point A serves as a common reference point for resource block grids and is obtained from the following higher-layer parameter absoluteFrequencyPointA containing NR-ARFCN parameters
-	PRB-index-DL-common for a PCell downlink represents the frequency offset between point A and the lowest subcarrier of the lowest resource block of the SS/PBCH block used by the UE for initial cell selection;
-	PRB-index-UL-common for a PCell uplink in paired spectrum represents the frequency offset between point A and the frequency location based on ARFCN of the uplink indicated in SIB1;
-	PRB-index-UL-common for a PCell uplink in unpaired spectrum represents the frequency offset between point A and the lowest subcarrier of the lowest resrouce block of the SS/PBCH block used by the UE for initial cell selection;
-	PRB-index-DL-Dedicated for an SCell downlink represents the frequency offset between point A and the frequency location based on ARFCN in the higher-layer SCell configuration;
-	PRB-index-UL-Dedicated for an SCell uplink represents the frequency offset between point A and the frequency location based on ARFCN in the higher-layer SCell configuration;
-	PRB-index-SUL-common for a supplementary uplink represents the frequency offset between point A and the frequency location based on ARFCN in the higher-layer SUL configuration.
All the above parameters are expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2.



On configuration of a BWPs
[bookmark: _Hlk493885487]
RAN2 configures a BWP using the following pseudo code from ASN.1

-- Generic parameters used in Uplink- and Downlink bandwidth parts
BWP ::= 					SEQUENCE {
	-- Frequency domain location and bandwidth of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 
	-- distance (in number of PRBs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 
	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		
	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)
[bookmark: _Hlk508205468]	locationAndBandwidth			INTEGER (0..37949),
	-- Subcarrier spacing to be used in this BWP for all channels and 
	-- reference signals unless explicitly configured elsewhere.
	-- Corresponds to subcarrier spacing according to 38.211, Table 4.2-1. 
	-- The value kHz15 corresponds to µ=0, kHz30 to µ=1, and so on. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are 
	-- applicable.
	subcarrierSpacing				SubcarrierSpacing,
[bookmark: _Hlk503891113]	-- Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. 
	-- Normal CP is supported for all numerologies and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. 
	-- (see 38.211, section 4.2.2)
	cyclicPrefix					ENUMERATED { extended }														OPTIONAL	-- Need R
}

RAN1 agreement:
Agreements:
· Value range of locationAndBandwidth is 0 ~ (275*(275+1)/2-1) = 37949, which requires 16 bits

To properly capture the above RAN1 agreement, adopt text proposal in Section 12 of TS38.213:
	For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is configured the following parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:
· a subcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;
· a cyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;
· a PRB offset with respect to the PRB determined by higher layer parameters offset-pointA-low-scs and ref-scs and a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW; 
· 
a starting PRB and a number of contiguous PRBs indicated by higher layer parameter locationAndBandwidth which is interpreted as RIV according to [5.1.2.2.2, TS 38.213], setting =275 and first PRB to coincide with CRB 0.
· an index in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-index;
· DCI format 1_0 or DCI format 1_1 detection to a PDSCH reception timing values by higher layer parameter DL-data-time-domain, PDSCH reception to a HARQ-ACK transmission timing values by higher layer parameter DL-data-DL-acknowledgement, and DCI format 0_0 or DCI format 0_1 detection to a PUSCH transmission timing values by higher layer parameter UL-data-time-domain; 




[bookmark: _Hlk510776307]Further discuss whether 275RB upper limit for BWP allocation in numerology  on the NW carrier is sufficient.

Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed aspects of BWPs. We have the following observations and proposals:
Observation-1: Support of zero-RA in NR R15 is feasible 
Observation-2: Padding the RIV value with zeros results in undesirable pruning of start and/or length values. This might be sufficient for scheduling of RAR, but not for regular data channels.
Proposal-1: Support one of the following alternatives:
· ALT1:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· For TYPE0 RA, zero-pad too small bitfields to match the bitfield size of new BWP 
· 
For TYPE1 RA, reinterpret the too small bitfield of size b based on shortened BWP size of the new BWP 
· Truncate too large bitfields to match the bitfield size of new BWP of new BWP to match bitfields of current BWP, UE determines the frequency resource allocation 
· When TYPE0 RA bits are all set to 0, the scheduling grant is zero-RA grant
· When TYPE1 RA bits are all set to 1, the scheduling grant is zero-RA grant
· ALT2 (our preference): Do not confirm the WA. Instead, UE assumes, a bitfield size in DCI format 1_1 or 0_1 is determined by the largest required bitfield size across the configured BWPs, DL BWPs for a DL assignment and UL BWPs for a UL grant. 
· UE truncates too large bitfields in the DCI to match the scheduled BWP.	

Observation-4: To avoid HARQ-ACK dropping, the gNB would be forced to transmit switching DCIs in the first slot of the DL association set. This resulting in BWP switching delay.  

Proposal-2: Generalize the current agreement accordingly:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 

Proposal-3: In R16 consider the following: When UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, HARQ-ACK bits are mapped on 
· PUCCH resource and slot indicated by the BW switching DL assignment by ARI and K1 
· Piggy-backed on the PUSCH granted by the switching UL grant
Observation-5: In R15, no additional mechanism is required for fast CSI acquisition on the active BWP after switching transition period. In R16, study the benefits of fast CSI acquisition optimized for the BWP switching. 
Proposal-3: Adopt the RAN2 configuration of point A in RAN1. 
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[bookmark: _GoBack]Appendix A – On transmission of HARQ-ACK feedback for PDSCH transmitted before the BWP switch
We propose the HARQ-ACK bits are not dropped as Proposal-2 suggests for R15, but mapped instead on the
· Case 1: PUCCH resource and slot indicated by the BW switching DL assignment (Figure 8)
· Case 2: Piggy-backed on the PUSCH granted by the switching UL grant (Figure 9)


This can be shown on the examples in Figure 8 and 9, where we assume transition period T below 6GHz is 2ms, which corresponds to 4 slots of 30kHz spacing, starting immediately after the switching DCI is received and we also assume it works in TDD mode with 6-slot periodicity of the following configuration (DL, DL, DL, Unknown, UL, UL, UL) which is not aligned with NR, but used for illustration simplicity. 

Case 1: For BWP switching triggered DL assignment, the details are as follows: In the current active BWP, one switching DL assignment is received in the slot #n+1, while before that, in slot #n and #n-1, DL data is received already. If for PDSCH in slot #n, K1 (the PDSCH slot to PUCCH slot) is indicated as 3, which means HARQ-ACK should be transmitted in #n+3 slot on the preconfigured PUCCH resource. But during this transition period from #n+1 to #n+4 slot there should not be any data transmission between gNB and UE for RF’s retuning and ADC/DAC’s adjusting, etc. In such case, the UE transmits the UCI bits scheduled to slot #n+3 in slot #n+9, which is the slot indicated by fields K0+K1 in switching DL assignment.

Case 2: For BWP switching triggered by UL grant, the details are as follows: In the current active BWP, one switching UL grant is received in the slot #n+1, while before that in slot #n, DL data is received already. Same transition period exists as in above case. But since the switching UL grant, transmitted in slot n+1, schedules PUSCH in slot n+5 (K1=4) in new UL BWP, the UCI bits falling in the transition period T are piggy-backed on that PUSCH.

Furthermore, if multiple UCI codebooks fall within the transition period T as shown in 2a, the UCI codebooks (one for each dropped PUCCH) could be mapped as sub-codebooks on PUCCH indicated by switching DL assignment, or piggy-backed on PUSCH scheduled by switching UL grant.






Figure 8 HARQ-ACK transmission on PUCCH when BWP switching triggered by DL assignment(TDD)
 






Figure 9 HARQ-ACK transmission on PUSCH when BWP switching triggered by UL grant(TDD)


image1.wmf
RBs

L


oleObject1.bin

image2.wmf
ë

û

2

/

)

1

(

size

BWP

RBs

N

L

£

-


oleObject2.bin

image3.wmf
start

RBs

size

BWP

RB

L

N

RIV

+

-

=

)

1

(


oleObject3.bin

image4.wmf
)

1

(

)

1

(

start

size

BWP

RBs

size

BWP

size

BWP

RB

N

L

N

N

RIV

-

-

+

+

-

=


oleObject4.bin

image5.wmf
RBs

L


oleObject5.bin

image6.wmf
start

size

BWP

RB

N

-


oleObject6.bin

image7.emf
b

5

BWP#0

BWP#1 b

5

0

b

4

b

3

b

2

b

1

b

0

b

4

b

3

b

2

b

1

b

0

0 0 0 0


Microsoft_Visio_Drawing.vsdx
b5
BWP#0
BWP#1
b5
0
b4
b3
b2
b1
b0
b4
b3
b2
b1
b0
0
0
0
0



image8.emf
RIV BWP#0

BWP#1

[ ’000’ RIV ]


Microsoft_Visio_Drawing1.vsdx
RIV
BWP#0
BWP#1
[ ’000’ RIV ]



image9.png
0 100 200 300 0 100 200 300
RIV RIV




image10.wmf
3

BWP,i

121

'

2

b

size

N

+

êú

+-

=

êú

êú

ëû


oleObject7.bin

image11.emf
RIV

BWP#0

RIV

BWP’#1

BWP#1


Microsoft_Visio_Drawing2.vsdx
RIV
BWP#0

RIV
BWP’#1
BWP#1



oleObject8.bin

image12.emf
T T

DL FL

Switch

DL

DL

FL

DL

DL DL

UL

UL

T

DL

Switch

DL

DL

DL

T

DL DL

UL

FL

UL

FL

Postponed switch


Microsoft_Visio_Drawing3.vsdx
T
T

DL
FL
Switch

DL
DL
FL
DL

DL
DL
UL

UL

T

DL
Switch

DL
DL
DL
T
DL
DL

UL
FL

UL
FL

Postponed switch



image13.emf
T T

DL

X UL

Switch

T

DL X UL DL

DL DL

DL

T

A-CSI

trigger in 

UL grant

CSI

measurement

CSI

report


Microsoft_Visio_Drawing4.vsdx

T
T

DL
X
UL
Switch
T
DL
X
UL
DL

DL
DL
DL
T
A-CSI
trigger in 
UL grant
CSI
measurement
CSI
report



image14.emf
T T

DL

X UL

S

w

i

t

c

h

T

DL X UL DL

DL DL

DL

T

CSI

measurement

CSI

report

Offset


Microsoft_Visio_2003-2010_Drawing.vsd
T


T


DL


X


UL


Switch


T


DL


X


UL


DL


DL


DL


DL


T


CSI
measurement


CSI
report


Offset



image15.wmf
size

N

BWP


oleObject9.bin

oleObject10.bin

image16.emf
n+2 n+4 n+3

n+6

n-1 n

DL

UK UL

n+7 n+8 n+9

S

w

i

t

c

h

n+1

DL

DL UK

DL

K0

K1 

n+5

DL DL

UL

UL

UCI scheduled in T is transmitted on 

PUCCH slot indicated by switching 

DL assignment

DL assignment (TDD)

T

DCI

PDSCH

PUSCH

UCI

n+10

UL


Microsoft_Visio_2003-2010_Drawing1.vsd
K1 


n+2


n+3


n+4


n+6


n-1


n


DL


n+7


UK


UL


K0


n+8


n+9


n+5


DL


Switch


DL


n+1


UL


DL


DL


UK


DL


UL


UCI scheduled in T is transmitted on PUCCH slot indicated by switching DL assignment



image17.emf
n+3 n+4

n+7

n n+1

DL

UK UL

n+8 n+9

S

w

i

t

c

h

n+2

DL

DL UK

DL

K1

n+6

DL DL

UL

K2

UCI scheudled in T  is 

transmitted on PUSCH indicated 

by switching UL grant

UL grant (TDD)

T

n+10

UL

DCI

PDSCH

PUSCH

UCI

K0


Microsoft_Visio_2003-2010_Drawing2.vsd
n+3


n+4


n+7



