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Introduction
In this contribution, we address remaining issues regarding
· UE processing time for Capability #1 and mixed numerology between PDCCH and PDSCH
· Simultaneous reception of PDSCH in IDLE
· HARQ process management for PUSCH

Some of the content in this contribution previously appeared R1-1804807 [1].
Simultaneous Reception of PDSCH
RRC_IDLE simultaneous reception
In the offline summary [2] it was noted that the decoding capability of the baseline UE should be maintained in the IDLE state similar to as in the RRC_CONNECTED state, where at most 2 TBs may be handled simultaneously. Further clarification to the proposal in [2] was needed to handle the prioritization of these TBs in IDLE state, namely SI-RNTI, P-RNTI, and RA-RNTI/TC-RNTI. The following proposal provides this prioritization.
Proposal 1: UE is not required to decode P-RNTI PDSCH during RACH procedure.
RRC_CONNECTED simultaneous reception
In the previous meeting the following was agreed.
Agreements:
· Confirm the following working assumption:
· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode
· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication

In the LS from RAN2 [3], the UE implementation benefits were acknowleged from this agreement.
· RAN2#101 has agreed that a “RRC_CONNECTED UE monitors for SI update notification in any paging occasion”. Therefore, one consequence of RAN1 working assumption is that a connected UE only monitors PDCCH and thus does not need to decode PDSCH scheduled by P-RNTI in one or multiple paging occasion during modification period (which is 10 seconds in LTE). Since system notifications (SI update, CMAS, ETWS notifications) are usually rare, this may provide UE power savings.
However, regarding the system impact, the following statement from RAN2 needs some further clarification.
· Another consequence of the RAN1 working assumption is that it can limit the ability of network to use the same message for both paging Idle UEs and also use PDCCH paging for system notifications. If many Idle mode UEs have to be paged, this may delay either their paging or the system notifications for some connected UEs if their C-DRX active durations overlap with also paging occasions. 
That is, the notion of “system notifications” in the above response should be more carefully examined. 
In the first case of system information update, it does not seem necessary to page the UE simultaneously since the system configuration may be changing and overall effect how paging and resource allocation is managed. 
Observation 1: There should be no need to page UEs until they complete acquisition of system information upon triggering of systemInfoModification in the DCI scrambled by P-RNTI. 
In the second case of ETWS-indication or CMAS-indication, the network can simultaneously notify all IDLE UEs and RRC_CONNECTED UEs through the short paging message in the DCI scrambled by P-RNTI, and subsequently trigger all of these UEs to obtain the full notification rom SI-RNTI PDSCH. Once this has been acquired by all UEs, the network may further page IDLE UEs using the DCI scrambled by P-RNTI with the short message indicator disabled, thus using the downlink scheduling DCI format which allocates resources for P-RNTI PDSCH. 
In the rare cases where the network may need send P-RNTI PDSCH to IDLE UE’s simultaneously with short message indication to alll UE’s, the network can easily further accommodate this through various solutions, e.g., sending 2 paging DCI within the search space for P-RNTI, one with short message enabled to provide all UEs with the CMAS and/or ETWS indication, and one with the scheduling DCI enabled for the IDLE UEs to provide further UE-specific paging information on P-RNTI PDSCH.
Observation 2: There is no impact to the flexibility of sending ETWS and/or CMAS indication to all UEs under the current set of agreements for RRC_CONNECTED and short paging message in paging DCI.
UE Processing Time
Capability #1 and mixed numerology
One new issue was observed in the case of mixed numerology between PDSCH and PDCCH (e.g., in case of mixed numerology CA). In the current specification, the N1 processing time from PDSCH to HARQ-ACK is determined by the numerologies of PDSCH and HARQ-ACK. If the scheduling PDCCH and PDSCH are of the same numerology, the baseline timeline is clearly understood. However, if the scheduling PDCCH is of a numerology with a smaller SCS, the delay for getting the grant could be doubled, and therefore the timeline of N1 which currently is based only on the numerology of the PDSCH and HARQ-ACK may be insufficient.


Figure 1. Scheduling of mixed numerology between PDCCH and PDSCH.
For this case, the simplest solution is to extend the mixed numerology to take the minimum SCS between that of the PDCCH, PDSCH, and the uplink channel carrying the HARQ-ACK. The following text proposal is provided below.
Proposal 2: The following text proposal should be adopted to account for mixed numerology between the scheduling PDCCH and the PDSCH.
---- Text Proposal for 38.214 ----
UE PDSCH processing procedure time

If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after   after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL,PDCCH, µDL,PDSCH, µUL) where the µDL,PDCCH corresponds to the subcarrier spacing of the downlink with which the PDCCH was transmitted, µDL,PDSCHµDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3-1; otherwise, the N1 value follows from the first column of table 5.3-1.
---- End of Text Proposal ----

HARQ Management for PUSCH
Considerations for HARQ out-of-order
In the RAN1 AH 1801, the following agreement was made regarding HARQ ordering.
Agreements:
For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID
· FFS the time condition under which soft combining for the same HARQ process ID can be assumed

Additionally, another follow up agreement was captured in RAN1 #92.
Agreements:
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B
· Note: this does not preclude a future capability for UEs to support out-of-order HARQ-ACK.
· Send LS to RAN2 to address this capability (R1-1803509, which is approved by removing the 2nd subbullet, final LS is R1-1803538)
.
Note that these issues are not unique to HARQ-ACK timing, but also can occur with respect to the scheduling of PUSCH. Therefore, the following proposals are provided below to mirror the above proposals and agreements for HARQ-ACK timing.


Figure 5.2-1. PUSCH Out-of-Order HARQ for the same HARQ ID
Proposal 3: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 4: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the (baseline capability) UE is not expected to send the PUSCH for A after the PUSCH for B.

Considerations for SUL
From RAN1 NR AdHoc#2 in 2017, the following agreement was made but has not yet been captured in specification.
Agreement:
· One TB is mapped to one DL/UL carrier.
· [bookmark: _Hlk510761389]Re-transmission of a TB cannot take place on different carrier than the initial transmission.

It was understood that for CA, this is already a consequence of RAN2 agreements where there is one HARQ entity per CC at the MAC level. However, in the case of SUL the following conclusion was agreed last meeting [4] to capture the state of understanding in RAN1.
Conclusion:
The existing agreements were made before RAN2 defined SUL and non-SUL as a single serving cell
· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
So far this implies for some companies that for SUL, the re-transmission of a TB should not take place on a different carrier than the initial transmission. Other companies believe re-transmission may take place on a different carrier in case of SUL and UL.
· If intention for previous agreement was to be worded “per cell” then it would be restricted to CA
· RAN1 should discuss whether to clarify the existing agreements
· Note: in SUL there is only one cell and one HARQ entity

During the offline discussion last meeting, it was mentioned that the limited buffer rate matching behaviour (if enabled) between re-transmissions on different UL and SUL carriers may be problematic. We share this observation below.
Observation 3: Whenenever the re-transmission of a TB changes between UL and SUL carrier, the value derived from 38.212 Table 5.4.2.1-1 (Value of nPRB,LBRM) and subsequent use in LBRM may be inconsistent based on current specification.
The following text proposal is then provided to safeguard against this issue.
Proposal 5: The following text should be captured to reflect that on TB is mapped to one UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission, in the case of SUL.
---- Text Proposal for 38.214 ----
[bookmark: _Toc501048205]6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
Rx-to-Tx Switching
A proposal was made in the offline summary of [1] regarding the guard interval between the Rx to Tx switching from the UE perspective but did not get agreement. The following proposal is a modification on this, and can also serve as a response to the LS from RAN4 [5].
Proposal 6: UE is not expected to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least Rx2Tx us on unpaired spectrum for a given serving cell, from the UE perspective.
· Note that the exact value of Rx2Tx has been specified in RAN4 [5]
For completeness, the following can also be extended to the Tx2Rx switching times, which were also provided in [5].
Proposal 7: UE is not expected to transmit on a uplink symbol and then receive on a downlink symbol if those two symbols are not separated by at least Tx2Rx us on unpaired spectrum for a given serving cell, from the UE perspective.
· Note that the exact value of Tx2Rx has been specified in RAN4 [5]
Conclusions
Proposal 1: UE is not required to decode P-RNTI PDSCH during RACH procedure.
Observation 1: There should be no need to page UEs until they complete acquisition of system information upon triggering of systemInfoModification in the DCI scrambled by P-RNTI. 
Observation 2: There is no impact to the flexibility of sending ETWS and/or CMAS indication to all UEs under the current set of agreements for RRC_CONNECTED and short paging message in paging DCI.
Proposal 2: The following text proposal should be adopted to account for mixed numerology between the scheduling PDCCH and the PDSCH.
---- Text Proposal for 38.214 ----
UE PDSCH processing procedure time

If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after   after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL,PDCCH, µDL,PDSCH, µUL) where the µDL,PDCCH corresponds to the subcarrier spacing of the downlink with which the PDCCH was transmitted, µDL,PDSCHµDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3-1; otherwise, the N1 value follows from the first column of table 5.3-1.
---- End of Text Proposal ----
Proposal 3: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 4: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the (baseline capability) UE is not expected to send the PUSCH for A after the PUSCH for B.

Observation 3: Whenenever the re-transmission of a TB changes between UL and SUL carrier, the value derived from 38.212 Table 5.4.2.1-1 (Value of nPRB,LBRM) and subsequent use in LBRM may be inconsistent based on current specification.
The following text proposal is then provided to safeguard against this issue.
Proposal 5: The following text should be captured to reflect that on TB is mapped to one UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission, in the case of SUL.
---- Text Proposal for 38.214 ----
6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
Proposal 6: UE is not expected to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least Rx2Tx us on unpaired spectrum for a given serving cell, from the UE perspective.
· Note that the exact value of Rx2Tx has been specified in RAN4 [5]
For completeness, the following can also be extended to the Tx2Rx switching times, which were also provided in [5].
Proposal 7: UE is not expected to transmit on a uplink symbol and then receive on a downlink symbol if those two symbols are not separated by at least Tx2Rx us on unpaired spectrum for a given serving cell, from the UE perspective.
· [bookmark: _GoBack]Note that the exact value of Tx2Rx has been specified in RAN4 [5]
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