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1 Introduction
This paper provides our proposals & corresponding text proposals to resolve the following issues.
· Clarification on reception BW for SI, paging, message 2 & 4 in BWP due to the additional support of the following based on RAN2’s agreement in July meeting
· BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0)
· Clarification on UE behavior during active DL or UL BWP switching
· Clarification on reset conditions of BWP inactivity timer

· HARQ-ACK codebook/PUCCH resource adaptation considering UE processing time in CA
2 Reception BW for SI, paging, message 2 & 4 in BWP
In RAN2 AH#1807 meeting, the following is agreed on the bandwidth configuration of the initial DL BWP after the discussion on RAN1’s reply LS (R1-1807873).
	Agreements: (RAN2 AH#1807)
· RAN2 specs will support both option 1 and option 2.


Both options are shown as follows.

· Option 1:
BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);

· Option 2:
BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
Based on our understanding on RAN2’s agreement, it’s applied to connected mode, idle mode and initial access.  That means that the initial DL BWP configuration can be changed in RMSI and it’s common to all UEs. However, this is different from current BWP design in RAN1 specs and as mentioned in RAN1’s reply LS (R1-1807873), it requires RAN1 spec changes to support Option 2.  In RAN1#90bis, the following is agreed for the definition of initial active DL BWP. RMSI CORESET in the following agreements means CORESET0.
	Agreements (RAN1#90bis):

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delievering RMSI are confined within the initial active DL BWP


Furthermore, in RAN1#92bis, the following is agreed for DCI format 1_0 in CSS.

	Agreements (RAN1#92bis):
· 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 BWP.

· The case of TC-RNTI is a working assumption

· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA

· FFS other cases


Therefore, based on the original BWP design in RAN1, the bandwidth & physical location of initial active DL BWP follows CORESET0 configuration (max number of RBs = 96) carried in PBCH and the payload size of DCI format 1_0 in some cases and the maximal RB number of the scheduled PDSCH carrying SI, paging, message 2 & 4 follows the initial active DL BWP so it will change UE assumption on the maximum number of RBs for the PDSCH carrying SI, paging, message 2 & 4 if Option 2 is supported. Since this late change will introduce significant impact on UE implementation, it’s preferable to keep the same UE assumption on the maximum number of RBs for the PDSCH carrying SI, paging, message 2 & 4 even if Option 2 is supported and keep the commonality between Option 1 and Option 2 on these aspects. Therefore, we propose the following.
Proposal #1: For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI and C-RNTI for message 4:
· 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 CORESET0.
3 UE behaviour during active DL or UL BWP switching
In RAN1#92 meeting, agreements related to UE behavior during the transition time of DCI & timer-based active DL or UL BWP switching are shown as follows but it’s not captured in RAN1 spec yet.
	Agreements: (RAN1#92)

· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum


In RAN1#92bis meeting, additional agreements related to where to capture the active DL or UL BWP switching delay & further UE behavior during active DL or UL BWP switching and it’s also not captured in RAN1 spec yet.
	Agreements: (RAN1#92bis)

· It’s RAN1’s understanding that the active DL (or UL) BWP switching delay (i.e. T μs) for two types of UE capability will be specified in RAN4 specs.

· Send LS to RAN4 – R1-1805727, which is approved, final LS in R1-1805755
· For DCI-based active DL (or UL) BWP switching, a UE is not expected to switch its active DL (or UL) BWP based on an active DL (or UL) BWP switching DCI which is considered as invalid where invalidity is defined as when the signaled K0 (or K2) value in the DCI can’t guarantee the active DL (or UL) BWP switching delay equal to or larger than the one specified in RAN4 specs to the UE based on the UE’s capability.


Therefore, we propose the following proposal to capture the related UE behaviour in RAN1 specs.
Proposal #2: Adopt the following text proposal in TS 38.213 Section 12 to clarify UE behaviour for DCI-based active DL or UL BWP switching.

------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>
If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions. If a bandwidth part indicator field is configured in DCI format 0_1 or DCI format 1_1 and indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall
-
for each information field in the received DCI format 0_1 or DCI format 1_1

-
if the size of the information field is smaller than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;

-
if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE uses a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;

-
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 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]. A UE does not expect to receive or transmit during a time duration from the end of last OFDM symbol of the PDCCH carrying DCI format 1_1 or DCI format 0_1 indicating active DL or UL BWP change till the beginning of a slot indicated by K0 in the DCI format 1_1 or 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.
<Omitted>
------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------

Proposal #3: Adopt the following text proposal in TS 38.213 Section 12 to clarify UE behaviour for timer-based active DL or UL BWP switching.
------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>

If a UE is configured by higher layer parameter bwp-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the primary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the primary cell for unpaired spectrum operation during the interval [11, TS 38.321].
If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for a secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the secondary cell for unpaired spectrum operation during the interval. The UE may deactivate the secondary cell when the timer expires.
A UE does not expect to receive or transmit during a time duration from the beginning of the subframe for frequency range 1 or the half-subframe for frequency range 2 immediately after a BWP inactivity timer expires till the beginning of the slot the UE is able receive DL signals or transmit UL signals to accommodate the BWP switching delay required by the UE [TS 38.133].
<Omitted>
------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------
4 Re-start conditions of BWP inactivity timer
In RAN1#92 meeting, a RAN2 LS to apply the same re-start conditions of BWP inactivity timer for both TDD & FDD is received and has the following agreements after discussion.
	Agreements: (RAN1#92)
· Adopt the following text for LS reply to Action 4 in R1-1801318:
“RAN1 doesn’t have strong concerns to apply the same BWP inactivity timer restarting conditions in TDD to FDD and it’s up to RAN2’s decision.”


In TS 38.321, the following is captured for the re-start conditions of BWP inactivity timer and there is no differentiation between TDD & FDD.

	5.15   Bandwidth Part (BWP) operation
<Omitted>
If the bwp-InactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1>
if the defaultDownlinkBWP is configured, and the active DL BWP is not the BWP indicated by the defaultDownlinkBWP; or

1>
if the defaultDownlinkBWP is not configured, and the active DL BWP is not the initialDownlinkBWP:

2>
if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP; or

2>
if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received for the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell; or

3>
if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI (as specified in subclauses 5.1.4 and 5.1.5):

4>
start or restart the bwp-InactivityTimer associated with the active DL BWP.
<Omitted>


However, in TS 38.213, different re-start conditions of BWP inactivity timer for TDD & FDD are still kept based on previous RAN1 agreements.  Therefore, we propose the following to fix the spec inconsistency in RAN1 & RAN2.
Proposal #4: Adopt the following text proposal in TS 38.213 Section 12 fix the spec inconsistency in RAN1 & RAN2 on the re-start conditions of BWP inactivity timer.
------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>

If a UE is configured by higher layer parameter bwp-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the primary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the primary cell for unpaired spectrum operation during the interval [11, TS 38.321].
If a UE is configured by higher layer parameter BWP-InactivityTimerbwp-InactivityTimer a timer value for a secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the secondary cell for unpaired spectrum operation during the interval. The UE may deactivate the secondary cell when the timer expires.
<Omitted>

------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------

5 HARQ-ACK Codebook/PUCCH Resource Adaptation Considering UE Processing Time in CA
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 2, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2 based on ARI and number of UCI bits. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity.


[image: image1]
Figure 2. Example of the updated PUCCH resource with advanced timing

Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time, as shown in Figure 3.


[image: image2]
Figure 3. Example of the updated PUCCH resource with postponed timing

After further analysis, there is remaining issue for the example shown in Figure 4. In the figure, T1 provides enough UE processing time considering PDSCH in slot#n and PUCCH resource 1; T2 also provides enough UE processing time considering PDSCHs in slot#n and in slot#(n+1) and PUCCH resource 2. However, before successful decoding of DCI in slot#(n+1), UE does not know PUCCH resource 1 is to be replaced by PUCCH resource 2. UE would prepare PUCCH resource 1 and transmit it. In the example, it is not possible for UE to cancel PUCCH resource 1 and then to transmit PUCCH resource 2. There are two alternatives can resolve the issue

· Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.

·  Note: It takes time for UE to prepare PUCCH. If after UE starts to prepare PUCCH, UE is assigned an updated PUCCH resource due to additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which increase a lot UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N1 of no additional DMRS without any extra processing time can be used for the Timing threshold.

· Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.

· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
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Figure 4. Example of the critical issue in case there is no any restriction on adaptation of PUCCH resource
Proposal #5: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time
· Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
· Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
6 Conclusion
Proposals are summarized as follows.  
Proposal #1: For DCI format 1-0 in CSS with P-RNTI, SI-RNTI and RA-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 CORESET0.
Proposal #2: Adopt the following text proposal in TS 38.213 Section 12 to clarify UE behaviour for DCI-based active DL or UL BWP switching.

------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>

If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions. If a bandwidth part indicator field is configured in DCI format 0_1 or DCI format 1_1 and indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall
-
for each information field in the received DCI format 0_1 or DCI format 1_1

-
if the size of the information field is smaller than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;

-
if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE uses a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;

-
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 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]. A UE does not expect to receive or transmit during a time duration from the end of last OFDM symbol of the PDCCH carrying DCI format 1_1 or DCI format 0_1 indicating active DL or UL BWP change till the beginning of a slot indicated by K0 in the DCI format 1_1 or 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.
<Omitted>
------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------

Proposal #3: Adopt the following text proposal in TS 38.213 Section 12 to clarify UE behaviour for timer-based active DL or UL BWP switching.
------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>

If a UE is configured by higher layer parameter bwp-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the primary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the primary cell for unpaired spectrum operation during the interval [11, TS 38.321].
If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for a secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the secondary cell for unpaired spectrum operation during the interval. The UE may deactivate the secondary cell when the timer expires.
A UE does not expect to receive or transmit during a time duration from the beginning of the subframe for frequency range 1 or the half-subframe for frequency range 2 immediately after a BWP inactivity timer expires till the beginning of the slot the UE is able receive DL signals or transmit UL signals to accommodate the BWP switching delay required by the UE [TS 38.133].
<Omitted>
------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------
Proposal #4: Adopt the following text proposal in TS 38.213 Section 12 fix the spec inconsistency in RAN1 & RAN2 on the re-start conditions of BWP inactivity timer.

------------------------------------- Begin Text Proposal Sec 12 of 38.213 --------------------------------------

<Omitted>

If a UE is configured by higher layer parameter bwp-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the primary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the primary cell for unpaired spectrum operation during the interval [11, TS 38.321].
If a UE is configured by higher layer parameter BWP-InactivityTimerbwp-InactivityTimer a timer value for a secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired spectrum operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for PUSCH transmission on the secondary cell for unpaired spectrum operation during the interval. The UE may deactivate the secondary cell when the timer expires.
<Omitted>

------------------------------------- End Text Proposal Sec 12 of 38.213 --------------------------------------
Proposal #5: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time
· Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
· Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
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