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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements/working assumptions were reached in previous RAN1 meetings:
Agreements: RAN1# AdHoc1801 [1]
· Update the previous agreements as follows:
For DCI granted multi-slot transmission (PDSCH/PUSCH) vs semi-static DL/UL assignment
· If semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH in that slot  is received/transmitted
· [bookmark: OLE_LINK68][bookmark: OLE_LINK71]If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH transmission in that slot is not received/transmitted
For DCI granted multi-slot transmission (PDSCH/PUSCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown
· UE is not expected to receive a dynamic SFI indicating a conflicting direction from DCI grant 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Agreements: RAN1#93 [2]
For C-RNTI and CS-RNTI in CSS at least in Pcell (FFS Scell Type 3 CSS)
· If the CSS is not associated with CORESET#0 and PDSCH-Config has provided a table 
· Use this table for PDSCH transmission scheduled by DCI in CSS
· else if PDSCH-ConfigCommon has provided a table
· Use this table for PDSCH transmission scheduled by DCI in CSS
· else
· Use the default PDSCH table A (mux pattern 1)
· Note: Same table is used as in USS
· Note: If some entries in the table before RRC reconfiguration and in the table after RRC reconfiguration are the same, the UE can be schedulable during the RRC reconfiguration period
· No specification impact
· Note: it is assumed that random access response can be received in CORESET #0
For C-RNTI and CS-RNTI in CSS:
· if the CSS is not associated with CORESET#0 and PUSCH-Config has provided a table 
· Use this table for PUSCH transmission scheduled by DCI in CSS
· else if PUSCH-ConfigCommon has provided a table for PUSCH
· Use this table for PUSCH transmission scheduled by DCI in CSS
· else
· Use the default PUSCH table
· Note: Same table is used as in USS
· Note: If some entries in the table before RRC reconfiguration and in the table after RRC reconfiguration are the same, the UE can be schedulable during the RRC reconfiguration period
· No specification impact
· Note: it is assumed that random access response can be received in CORESET #0
RAN1#93 [2]:
Agreements:
· Cross-carrier scheduling should at least satisfy the causality constraints between scheduling PDCCH and PDSCH as for self-scheduling, also taking into carrier timing difference
· Note: in the case of mixed numerology, limitations on the number of symbols to buffer need to be taken into account
Agreement:
· For cross-carrier scheduling across different numerology
· FFS: how to specify additional constraints related to K0 to address the number of symbols which may need to be buffered 
Agreements: The Capability #2 for (Aggressive) UE processing time in Rel-15 is supported under the following conditions
· Non-CA
· Note: this does not preclude EN-DC
· FFS CA case with Capability #2 supported on only one or more of the carriers, and potential handling of some special cases
· Single numerology for PDCCH, PDSCH, and PUSCH for the serving cell
· PDSCH/PUSCH allocation with mapping Type A and Type B
· For PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 
· N1 processing time is increased by (7-i) relative to the case where i=7.
· (Working assumption) For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· FFS: handling of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH
· No UCI multiplexing
· FFS: whether similar multiplexing rule as with Capability #1 may be included
· For C-RNTI
· FFS: simultaneous reception with broadcast PDSCH
· Note: The UE signals whether Capability #2 is supported for each SCS, and separately for uplink and downlink
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In this contribution, some of remaining issues on data scheduling and HARQ are discussed and the corresponding text proposals are provided. 
Frequency domain resource allocation
There are following remaining issues on frequency domain resource allocation.
· VRB-to-PRB interleaving for SIB transmission
· Frequency domain RA for MU-MIMO
This session addresses these issues.
VRB-to-PRB interleaving for SIB transmission
In LTE, the VRB-to-PRB interleaving is supported for data transmission scheduled by DCI format 1A. This is beneficial to improve frequency diversity gain, when it is adopted for SIB1 transmission. In NR, there remain discussions on whether VRB-to-PRB interleaving is mandatory, i.e., whether VRB-to-PRB interleaving shall be supported for SIB transmission for NR. 
In the below, we evaluate performances of SIB1 transmission with and without VRB-to-PRB interleaving. The simulation assumptions could be found in the Appendix A.
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[bookmark: _Ref520534787][bookmark: _Ref520534782]Figure 1. BLER of non-interleaved/interleaved SIB1 in initial DL BWPs with (a) 15 kHz SCS and (b) 30 kHz SCS
From the results shown in Figure 1, it is observed that with larger size of initial DL BWP the larger gain can be achieved by adopting VRB-to-PRB interleaving. Specifically, considering 1% BLER, more than 2 dB SNR gain can be obtained for interleaved SIB1 when transmitting in a 96-RB initial DL BWP.
As a result, to achieve the same DL coverage with LTE, it is preferred that VRB-to-PRB interleaving is mandatory for NR UEs to provide configuration flexibility for interleaved SIB1 transmission.
Moreover in general, since the size of the frequency domain resource assignment bit field in DCI format 1_0 scrambled by SI-RNTI is determined by the initial downlink BWP, any system information (SIBx) is scheduled in a bandwidth which is as wide as the bandwidth of the initial DL BWP. Therefore, the same performance gains of Figure 1 can be achieved for interleaved SIBx (x ≥ 1). When the payload of SIBx increases, the coverage can be even worse if without VRB-to-PRB interleaving. The detailed design of VRB-to-PRB interleaving for SIB1 can be found in our contribution [3].
Observation 1: Compared with non-interleaved VRB-to-PRB mapping, when the bandwidth of initial DL BWP is 24/48/96 RBs, 0.7/1.4/2.3 dB gain for SIBx (x ≥ 1) transmission is achieved by interleaved VRB-to-PRB mapping.
Proposal 1: NR supports VRB-to-PRB interleaving for SIBx transmission.
Frequency domain RA for MU-MIMO
[bookmark: OLE_LINK6]In order to improve the performance of channel estimation, Precoding Resource Block Group (PRGs) is introduced in NR. A UE may assume that precoding granularity is multiple resource blocks in the frequency domain. PRG can be set to one of the values among {2, 4, wideband}. In SU-MIMO, UE can filter the estimated channel in PRG to improve performance. While in MU-MIMO, UE cannot assume the potential co-scheduled UE has the same precoding in its one PRG according to the current specification and gNB’s flexible scheduling. For example, the PRG of UE1 is 2 RBs, and the DM-RS port of UE1 is port 0. The DM-RS port of the co-scheduled UEs is port 1, which is in the same CDM group as port 0 as shown in Figure 2. For downlink resource allocation type 0, RBG’s size can be less than nominal RBG size P at the boundary of BWP. Then as in left figure, in one PRG of UE1, the two RBs of port 1 may be allocated to different co-scheduled UEs. For downlink resource allocation type 1, a UE can also be allocated with any contiguous RBs from any start RB. Consequently as shown in right figure, in one PRG of UE1, the two RBs of port 1 may be allocated to different co-scheduled UEs. Because gNB may use different precoding matrixes to transmit different UE’s data, a UE cannot assume the potential co-scheduled UE(s) has the same precoding in its one PRG. 
[bookmark: OLE_LINK84][bookmark: OLE_LINK87]As a result, a UE can only use 1RB joint channel estimation instead of 2RB joint channel estimation in the above two cases, which will degrade the joint channel estimation performance. Figure 3 shows the BLER performance of 1RB and 2RB joint channel estimation in CDL-B(RMS delay is 700ns) and CDL-C(RMS delay is 363ns) channel with 30KHz subcarrier spacing, 64QAM modulation and 0.75 code rate, with the assumption of PDSCH DM-RS configuration type 1, and using DM-RS port 1000 for target UE and 1001 for co-scheduled UE. It is observed that the performance of SNR@10% BLER degrades about 1.3dB and 0.7RB in CDL-B channel and CDL-C channel, respectively. Besides, the performance degradation will increase if higher modulation scheme or higher code rate is used.
[bookmark: OLE_LINK41][bookmark: OLE_LINK37][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK58][bookmark: OLE_LINK59]To ensure the performance of joint channel estimation, the resource allocation in MU-MIMO operation needs to be aligned so that the potential co-scheduled UE(s) in other DM-RS port of the same CDM group has the same precoding in at least 2 RBs. Besides, the specification needs to specify that a UE shall assume the precoding of the potential co-scheduled UE(s) in other DM-RS port of the same CDM group is same in multiple resource blocks in the frequency domain, e.g. at least 2 RBs. The corresponding text proposal is given in section 8.
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[bookmark: _Ref520535091][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK51][bookmark: OLE_LINK55]Figure 2. Co-scheduled UE in downlink resource allocation type 0 and type 1
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[bookmark: _Ref520535125]Figure 3. BLER of 2RB/1RB joint channel estimation in CDL-B/CDL-C channel
[bookmark: OLE_LINK7][bookmark: OLE_LINK40][bookmark: OLE_LINK67][bookmark: OLE_LINK83]Proposal 2: A UE shall assume that the precoding of the potential co-scheduled UE(s) in other DM-RS port of the same CDM group is same in continuous 2 resource blocks (CRB=2K and 2K+1, K is an integer).
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Time domain resource allocation
There are following remaining issues on time domain resource allocation.
· Time domain RA table for DCI in Type0A/Type 2 CSS 
· Slot determination of Msg3 PUSCH with different numerologies
· Slot determination of PUCCH with different numerologies 
This session addresses these issues.
Time domain RA table for DCI in Type0A/Type 2 CSS
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK88][bookmark: OLE_LINK89]In the last meeting, the determination rule of the used resource allocation table for C-RNTI/CS-RNTI in CSS was agreed. However, how to determine the used resource allocation table for SI-RNTI in type0A common search space and P-RNTI in Type 2 common search space has not been specified. In order to avoid the confusion during RRC reconfiguration and realize the data scheduling before receiving RRC signalling and RMSI, the predefined time domain RA table for DCI in Type0A/Type 2 CSS should be used. Either the three agreed tables or new predefined table can be starting point. In order to simplify the work of standardization and support more resource allocation cases, the default PDSCH time domain resource allocation table A can be reused for PDSCH scheduled by DCI in Type0A/Type 2 CSS. Besides, if RMSI signaling has provided a table, then the resource allocation table could be updated accordingly. Based on discussion, we have the following proposal and the corresponding text proposal is given as well in section 8.
[bookmark: OLE_LINK36][bookmark: OLE_LINK38][bookmark: OLE_LINK57][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK107][bookmark: OLE_LINK108]Proposal 3: The RMSI-configured table or the agreed default table A can be used for PDSCH scheduled by DCI in Type0A/Type 2 CSS. 
Slot determination of Msg3 PUSCH with different numerologies
In the current specification TS38.213 subclause 8.3, the following description of Msg3 PUSCH transmission is confused when the RAR and Msg3 PUSCH are with different numerologies. 
“If in slot [image: ] a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in slot [image: ], where [image: ] is provided in [6, TS 38.214].”
To avoid confusion, the description of slot determination in 38.214 can be reused for the description of slot determination of Msg3 PUSCH. To be specific, 
If in slot [image: ] a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in slot , where [image: ] is provided in [6, TS 38.214], and  are the subcarrier spacing configurations for Msg3 PUSCH and RAR, respectively. 
The corresponding text proposal is given as well in section 9.
Proposal 4: The description on slot determination of Msg3 PUSCH for the case with different numerologies should be clarified and the text proposal for TS 38.213 subclause 8.3 should be agreed. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK23]Slot determination of PUCCH with different numerologies

[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK289][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK281][bookmark: OLE_LINK282][bookmark: OLE_LINK202]In the current specification TS38.213 subclause 9.2.3, the following description of  with different numerologies is not clear. 


“With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.”


In order to make the specification clear for the two cases in Figure 4, the formula can be used to specify the slot of PUCCH transmission. To be specific, if the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, if a UE receives a PDSCH in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot ; If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, if a UE receives a PDSCH in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot . Where  and  are the subcarrier spacing configurations for PDSCH and PUCCH, respectively. 
The corresponding text proposal for slot determination of PUCCH with different numerologies is given as well in section 9.

[image: ]
[bookmark: _Ref520535153]Figure 4. Slot determination of PUCCH with different numerologies
Proposal 5: The description on slot determination of PUCCH for the case with different numerologies should be clarified and the text proposal for TS 38.213 subclause 9.2.3 should be agreed. 
Slot aggregation
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]For typical TDD Uplink-Downlink configuration 2(DL: UL= 3:1; D S U D D D S U D D), the number of repetition slot/subframe is 4 in LTE subframe bundling and can be more in LTE eMTC. However, according to the current specification in NR, if semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH transmission in that slot is not received/transmitted and the conflicting slot will be counted as the aggregated slot, then the maximum number of repetition is 2 even if the UE is configured with the maximum possible aggregation factor 8, as shown in Figure 5. In this case, the performance will be reduced of 3 dB, which will cause worse coverage performance than LTE.
[image: ][image: ]
[bookmark: _Ref520535175][bookmark: OLE_LINK188]Figure 5. The comparison of LTE and NR for TDD configuration 2
In order to guarantee the coverage requirement of NR, the conflicting slot(s) shall not be counted as the aggregated slot. In this case, the repetition number of actual data transmission can be ensured the same as the configured aggregation-factor-DL/UL which provides similar coverage performance as LTE no matter whether there are confliction.
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK226][bookmark: OLE_LINK227]Proposal 6: If semi-static DL/UL assignment configuration of a slot has direction confliction with assigned symbols for PDSCH/PUSCH, the slot is not counted as an aggregated slot.
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK244]Besides, when the initial data transmission is configured with aggregationFactorUL > 1 or aggregationFactorDL > 1 and the transmission is failed, the gNB will send a DCI to schedule retransmission. In this case, for the DCI scheduling retransmission, the same aggregation factor is reused, which should be specified in the specification. For example, if the initial data transmission is configured with aggregation factor =4, and if the data is fail to decode, then when gNB schedules the retransmission, the aggregation factor is also equal to 4. 
[bookmark: OLE_LINK245][bookmark: OLE_LINK255][bookmark: OLE_LINK94]Proposal 7: For DCI based retransmission of slot aggregation, the same aggregation factor as initial transmission is used, which should be clarified in the specification.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Data scheduling and HARQ
There are following remaining issues on scheduling and HARQ processing time.
· Cross-carrier scheduling across different numerologies
· Aggressive processing time for type B
· Aggressive processing time for CA
· UE behavior with shorter Tx-Rx switching time 
· Correction to 38.202 on simultaneous transmission and reception
· Correction to 38.214 on DL HARQ processing time
This session addresses these issues.
Cross-carrier scheduling across different numerologies
In RAN1#93, the issue of extra buffer size was raised for cross-carrier scheduling across different numerologies [4]. Only after successfully decoding PDCCH, UE knows the actual resources of PDSCH transmission. Therefore, UE needs to buffer all the possible PDSCH until it finishes the PDCCH processing. As shown in Figure 6 (a), given that the processing time is 11 symbols, UE needs to buffer 14 symbols for self-scheduling case, i.e., 3 symbols of PDCCH duration plus 11 symbols of processing time. As a comparison, for 30kHz cell scheduling 60kHz cell case in Figure 6 (b), UE needs to buffer 17 symbols, i.e. 6 symbols of PDCCH duration plus 11 symbols of processing time. Note that the above extra buffer requirement happens only if SCS of the scheduling cell is smaller than SCS of the scheduled cell.
[image: ]
[bookmark: _Ref520540358]Figure 6. Extra buffer size issue for cross-carrier scheduling across different numerology
This above issue can be solved by introducing some constraints on possible PDSCH occasions. With these constraints, the number of PDSCH symbols needed to be buffered for cross carrier scheduling with multiple numerologies would not increase comparing to the self-scheduling case with same numerologies. Following two options can be considered:
· Option 1: Restrict K0 > X.
· Option 2: Restrict that the scheduled PDSCH is not earlier than the ending symbol of PDCCH.
 [image: ]
[bookmark: _Ref520537036]Figure 7. Comparison between Option 1 and Option 2
Option 1 can be illustrated in Figure 7(a). If the constrains K0>0 (e.g. K0=1) is applied, the number of buffered symbols for the cross-carrier scheduling is less than the processing time. For the Option 2, as shown in Figure 7(b), K0=0 can still be used to schedule a PDSCH starting from the end of the PDCCH. The less buffer size than self-scheduling is needed in this case. Therefore, both option 1 and option2 do not introduce any extra buffer size. However, Option 1 losses the scheduling flexibility and increases the latency. According to the above comparison, Option 2 is preferred to solve the extra buffer size issue for cross-carrier scheduling when smaller SCS CC scheduling a larger SCS CC. 
Proposal 8: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH earlier than the ending time of PDCCH occasion.
Aggressive capability for PDSCH mapping type B
RAN1 agreed the values for capability #2 in #93 meeting. Due to time limitation, the values of capability #2 for type B with 4 or 2 symbol has not been agreed, the working assumption was made as following,
· (Working assumption) For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· FFS: handling of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH
That means, when there is no overlap between scheduling PDCCH and the scheduling PDSCH, the values of capability #2 for type B with 4 or 2 symbols are same as slot based scheduling. 
Table 1. N1 values for type B according to current working assumption
	
	15kHz
	30kHz
	60kHz

	7-OS
	3
	4.5
	9

	4-OS
	3
	4.5
	9

	2-OS
	3
	4.5
	9



However, according to current definition, N1 for long PDSCH may be less than short PDSCH. The reason is that the processing time for PDCCH BD, DCI parsing and channel estimation are overlapped with PDSCH reception. Figure 8 gives an example for 2-OS scheduling. 
[image: ]
[bookmark: _Ref520537144]Figure 8. Difference of processing procedures between long PDSCH and short PDSCH
Even though we think the N1 values for short PDSCH may be larger than N1 values for long PDSCH, when PDCCH and PDSCH are not overlapped, we can use the N1 values of 7-OS length as baseline.
However, when the scheduling PDCCH and corresponding PDSCH are overlapped, N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH. The rationality behind this working assumption is shown in the left part of following figure. For the case where the CORESET is 3-symbol CORESET and PDSCH length is 2-symbol, if the first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, additional 1 symbol relaxation should be introduced in addition to ‘d’ . 
[image: ][image: ]
[bookmark: _Ref520537134]Figure 9. 2-symbol or 3-symbol CORESET overlapping with 2-symbol PDSCH
Proposal 9: Confirm the following working assumption:
· For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
Proposal 10: For PDSCH mapping type B with 2 symbols length, if the first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, additional 1 symbol relaxation should be introduced on top of N1 values and  ‘d’.
Aggressive capability for CA
RAN1 agreed the aggressive capability for single carrier. Aggressive capability for CA case is still FFS. The capability for CA depends on UE implementation architecture. For some UEs, the modules for single carrier are duplicated to support multiple carriers. For these UEs, the capability for single carrier can be extended to multiple carriers. For some UEs, parts of hardware resource are shared between carriers. For these UEs, the number of capability #2 carrier may be less than the total number of supported carriers. Among these UEs, UE may or may not support dynamically change of the capability #2 carrier depend on UE implementation architecture. 
So how many carriers can share the resource among these carriers, how many carriers can configured as capability #2 carrier should be reported to the network. In addition, if the network notify UEs which carrier will be scheduled to capability #2 UE by RRC signalling, it will help UE preparing the resource in advanced to save UE energy. For example, if all of the components of K1 set for one carrier configured in RRC signaling is no less than 2 for FR1, then UE can think this carrier will not be scheduled as capability #2 carrier. However, it is still not clear whether one CC will be scheduled as capability #1 or capability #2 if K1=1 is included in the RRC configured set. So from UE side, whether the CC is configured as capability #2 carrier and whether the CC will be scheduled as capability #2 carrier are still necessary. 
Proposal 11: The following UE capabilities should be reported to the network:
· The number of carriers that can be configured as capability #2 
· The number of carriers that can be dynamically scheduled as capability #2 
Proposal 12: The following parameters should be configured by the network:
· Whether the CC is configured as capability #2 carrier
UE behavior for Rx-Tx switching
UE behaviors when there is no enough time for Rx-Tx switching have been discussed for several meetings. During last meeting, the following agreements were made:
Agreements:
· UE is not required 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
· Discuss further whether it’s an error case or to specify a UE behavior
· Note that the exact value of Rx2Tx has been specified in RAN4 [R4-1805766]
Since the network knows the Rx2Tx switching time, UE expects the network will make the schedule decision with enough switching time. If not, UE can think it is an error case. This happens in the following two scenarios:
· Case 1: Timing advanced is not in time. 
· Case 2: PDCCH decoding error.
Case 1 also happens in the legacy system. In legacy system, there is no special standard consideration for this issue. It is up to UE internal implementation how to handle this. UE can discard the reception of the last DL symbol or discard the transmission of first UL symbol. For example, if there is enough time for UE to stop reception and switch to transmission, UE can discard the reception. If there is not enough time for switching operation, DL reception has higher priority. 
For case 2, UE should not transmit anything so that not make interference to other transmission. UE can try to decode PDSCH. If UE cannot decode PDSCH correctly, UE will not feedback anything in this case.  
UE can determine whether it is case 1 or case 2 by estimating the overlapping time. If the UL and DL overlapping time is smaller, then it maybe case 1. If the UL and DL overlapping time is larger, then UE can think it is case 2. 
Proposal 13: For unpaired spectrum, if UE receives a scheduling that the separation between UL symbol and DL symbol less than Rx2Tx us or there is overlap between UL symbol and DL symbol, it is up to UE implementation how to handle these cases.
Correction to 38.202 on simultaneous transmission and reception
According to previous agreements, Rel-15 UEs are not required to receive more than two PDSCH simultaneously in RRC_IDLE and RRC_CONNECTED. We think this agreement can apply to UE in RRC_IN-ACTIVE.  
According to following RAN2 agreement made in RAN2 #101, UE will not receive SI and paging in PSCell when UE is in connected mode. So reception type C0, B and D0 for PSCell in table 6.2-2 should be deleted. The corresponding text proposal is given in section 10.
Proposal 14: Make the following changes to table 6.2-2 in TS38.202 subclause 6.2,
- Apply note 1 in table 6.2-2 to Inactive.
- Remove reception type C0, B and D0 for PSCell.
Correction to 38.214 subclause 5.3
RAN1 has made further clarification on conditions related to DMRS configurations. The condition of front-loaded DMRS only means no additional DMRS for both PDSCH mapping type A and PDSCH type B. The condition of additional DMRS means either PDSCH mapping type A or PDSCH mapping type B is configured with additional DMRS or the high layer parameter is not configured. These agreements are not totally captured in the 38.214. The corresponding text proposal is given in section 8.
Proposal 15: Capture all agreements on processing time conditions related to DMRS configurations in TS 38.214 subclause 5.3. 
In RAN1 #92bis, companies agreed not to define the aggressive processing capability for conditions with additional DMRS. So we propose to remove that part in TS 38.214. The corresponding text proposal is given in section 8.
Proposal 16: Remove the last column of Table 5.3-2 in TS 38.214.
In addition, the value of d1,2 for PDSCH mapping type A with 7 or more symbols length and PDSCH mapping type B with 7 symbols is not captured in TS 38.214. The corresponding text proposal is given in section 8.
 Proposal 17: Capture d1,2 for remaining conditions in TS 38.214.
[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observation and proposals:
Observation 1: Compared with non-interleaved VRB-to-PRB mapping, when the bandwidth of initial DL BWP is 24/48/96 RBs, 0.7/1.4/2.3 dB gain for SIBx (x ≥ 1) transmission is achieved by interleaved VRB-to-PRB mapping.
Proposal 1: NR supports VRB-to-PRB interleaving for SIBx transmission.
Proposal 2: A UE shall assume that the precoding of the potential co-scheduled UE(s) in other DM-RS port of the same CDM group is same in continuous 2 resource blocks (CRB=2K and 2K+1, K is an integer).
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: The RMSI-configured table or the agreed default table A can be used for PDSCH scheduled by DCI in Type0A/Type 2 CSS. 
Proposal 4: The description on slot determination of Msg3 PUSCH for the case with different numerologies should be clarified and the text proposal for TS 38.213 subclause 8.3 should be agreed. 
Proposal 5: The description on slot determination of PUCCH for the case with different numerologies should be clarified and the text proposal for TS 38.213 subclause 9.2.3 should be agreed. 
Proposal 6: If semi-static DL/UL assignment configuration of a slot has direction confliction with assigned symbols for PDSCH/PUSCH, the slot is not counted as an aggregated slot.
Proposal 7: For DCI based retransmission of slot aggregation, the same aggregation factor as initial transmission is used, which should be clarified in the specification.
Proposal 8: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH earlier than the ending time of PDCCH occasion.
Proposal 9: Confirm the following working assumption:
· [bookmark: _GoBack]For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
Proposal 10: For PDSCH mapping type B with 2 symbols length, if the first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, additional 1 symbol relaxation should be introduced on top of N1 values and  ‘d’.
Proposal 11: The following UE capabilities should be reported to the network:
· The number of carriers that can be configured as capability #2 
· The number of carriers that can be dynamically scheduled as capability #2 
Proposal 12: The following parameters should be configured by the network:
· Whether the CC is configured as capability #2 carrier
Proposal 13: For unpaired spectrum, if UE receives a scheduling that the separation between UL symbol and DL symbol less than Rx2Tx us or there is overlap between UL symbol and DL symbol, it is up to UE implementation how to handle these cases.
Proposal 14: Make the following changes to table 6.2-2 in TS38.202 subclause 6.2,
- Apply note 1 in table 6.2-2 to Inactive.
- Remove reception type C0, B and D0 for PSCell.
Proposal 15: Capture all agreements on processing time conditions related to DMRS configurations in TS 38.214 subclause 5.3.
Proposal 16: Remove the last column of Table 5.3-2 in TS 38.214.
Proposal 17: Capture d1,2 for remaining conditions in TS 38.214.
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Text Proposal in TS 38.214
[bookmark: OLE_LINK173][bookmark: OLE_LINK174]--------------------------------------- Start of Text Proposal ----------------------------------------------

------------------------------ Text Proposal for TS 38.214 Subclause 5.1.2.1.1 --------------------------
< Unchanged parts are omitted >
[bookmark: _Toc517439448][bookmark: OLE_LINK123][bookmark: OLE_LINK124]5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
Table 5.1.2.1.1-1 defines which PDSCH time domain resource allocation configuration to apply. Either a default PDSCH time domain allocation A, B or C according to tables 5.1.2.1.1-2, 5.1.2.1.1-3, 5.1.2.1.1.-4 and 5.1.2.1.1-5 is applied, or the higher layer configured pdsch-AllocationList in either pdsch-ConfigCommon or pdsch-Config is applied.
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config


< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 5.1.2.1.1-----------------------

-------------------------------- Text Proposal for TS 38.214 Subclause 5.1.6.2 --------------------------
< Unchanged parts are omitted >
[bookmark: _Toc517439465]5.1.6.2	DM-RS reception procedure
< Unchanged parts are omitted >
The UE is not expected to receive PDSCH scheduling DCI which indicates CDM group(s) with potential DM-RS ports which overlap with any configured CSI-RS resource(s) for that UE.
The UE shall assume that the precoding of the potential co-scheduled UE(s) in other DM-RS port of the same CDM group is same in continuous 2 resource blocks (CRB=2K and 2K+1, K is an integer).
[bookmark: _Hlk508018029][bookmark: _Hlk508638941]If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.
< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 5.1.6.2--------------------------

-------------------------------- Text Proposal for TS 38.214 Subclause 5.3 --------------------------
< Unchanged parts are omitted >
[bookmark: _Toc517439497]5.3	UE PDSCH processing procedure time

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]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 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, 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 HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-	If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-	If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].
-	If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,2 = 7 - i, otherwise, d1,2 = 0.
-	For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and
-	if the number of PDSCH symbols allocated is 4, then d1,2 = 3
-	if the number of PDSCH symbols allocated is 2, thend1,2 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-   otherwise, d1,2 = 0.
-	For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], if the number of PDSCH symbols allocated is 2 or 4, then d1,2 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH, .otherwise, d1,2 = 0.
[bookmark: _Hlk515958514]-	For UE processing capability 2 with scheduling limitation when µ = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. 
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc,1 is used both in the case of normal and extended cyclic prefix.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in either both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the high layer parameter is not configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in either both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, 
dmrs-DownlinkForPDSCH-MappingTypeB


	0
	3
	[13]

	1
	4.5
	[13]

	2
	9 for frequency range 1
	[20]



< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 5.3--------------------------

--------------------------------------------- End of Text Proposal --------------------------------------------

Text Proposal in TS 38.213
--------------------------------------- Start of Text Proposal ----------------------------------------------

-------------------------------- Text Proposal for TS 38.213 Subclause 8.3 --------------------------
< Unchanged parts are omitted >
[bookmark: _Toc517265050]8.3	Msg3 PUSCH
Higher layer parameter msg3-transformPrecoding indicates to a UE whether or not the UE shall apply transform precoding, as described in [4, TS 38.211], for an Msg3 PUSCH transmission. 
If the UE applies transform precoding to an Msg3 PUSCH transmission with frequency hopping, the frequency offset for the second hop [6, TS38.214] is given in Table 8.3-1.
Table 8.3-1: Frequency offset for second hop for Msg3 PUSCH transmission with frequency hopping
	Number of PRBs in initial active UL BWP
	
Value of  Hopping Bits
	Frequency offset for 2nd hop

	

	0
	[image: ]

	
	1
	[image: ]

	

	00
	[image: ]

	
	01
	[image: ]

	
	10
	[image: ]

	
	11
	Reserved



The subcarrier spacing for Msg3 PUSCH transmission is provided by higher layer parameter SubcarrierSpacing in BWP-UplinkCommon. A UE transmits PRACH and Msg3 PUSCH on a same uplink carrier of the same serving cell. 
An UL BWP, as described in Subclause 12 and in [4, TS 38.211], for Msg3 PUSCH transmission is indicated by higher layers.
A UE transmits an UL-SCH in an Msg3 PUSCH scheduled by a RAR grant in a corresponding RAR message using redundancy version number 0. Retransmissions, if any, of the UL-SCH in an Msg3 PUSCH are scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNTI provided in the corresponding RAR message [11, TS 38.321].




If in slot [image: ] a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in slot [image: ], where [image: ] is provided in [6, TS 38.214] , and  are the subcarrier spacing configurations for Msg3 PUSCH and RAR, respectively. The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE is equal to [image: ] msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and,  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214]. 
< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 5.3--------------------------

-------------------------------- Text Proposal for TS 38.213 Subclause 9.2.3 --------------------------
< Unchanged parts are omitted >
[bookmark: _Ref500241945][bookmark: _Toc517265064]9.2.3	UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 
For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 
For a SPS PDSCH reception in slot [image: ], the UE transmits the PUCCH in slot [image: ]where [image: ] is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 


If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception in slot [image: ], the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot  where  is provided by higher layer parameter dl-DataToUL-ACK.


With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ] if the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing; otherwise, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot, where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK, and are the subcarrier spacing configurations for PDSCH and PUCCH, respectively. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
HARQ-ACK information transmission in a PUCCH is subject to the limitations for UE transmissions described in Subclause 11.1 and Subclause 11.1.1. 
< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 9.2.3--------------------------

--------------------------------------------- End of Text Proposal --------------------------------------------
Text Proposal in TS 38.202
--------------------------------------- Start of Text Proposal ----------------------------------------------

----------------------- Text Proposal for TS 38.202 Subclause 6.2 ---------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc508896644]6.2	Downlink
The tables 6.2-1, 6.2-2 describe the possible combinations of physical channels that can be received simultaneously in the downlink by one UE. Table 6.2-1 introduces notation for a "Reception Type" which represents a physical channel and any associated transport channel. Table 6.2-2 describes the combinations of these "Reception Types" which are supported by the UE depending on capabilities, and enumerates how many of each can be received simultaneously. The UE shall be able to receive all TBs according to the indication on PDCCH. Any subset of the combinations specified in table 6.2-2 is also supported.

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI
	DL-SCH
	Note 1

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, [new RNTI]
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 3

	F
	PDCCH
	C-RNTI, CS-RNTI, [new RNTI]
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	This corresponds to PDCCH-ordered PRACH.



Table 6.2-2: Downlink "Reception Type" combinations
	UE capability
	Supported Combinations 
	Comment

	
	PCell
	PSCell
	SCell
	

	
	
	
	
	

	1. RRC_IDLE

	
	A + (B and/or C1 and/or D0)
	
	
	Note 1

	2. RRC_INACTIVE

	
	A + B + C1 + D0
	
	
	Note 1

	3. RRC_CONNECTED

	
	 A + C0 + (B and/or (D0 or D1))  + E + F + G + H + J0 + J1 + J2 + K
	A + C0 + (B and/or (D0 or D1))  + E + F + G + H 
+ J0 + J1 + J2 + K
	D1 + F + G + H 
+ J0 + J1 + J2 + K
	Note 2

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.


< Unchanged parts are omitted >
---------------------------- End of Text Proposal for TS 38.202 Subclause 6.2------------------

--------------------------------------------- End of Text Proposal --------------------------------------------

Appendix. Simulation assumptions
Table 2. Simulation assumptions
	Carrier Frequency
	3.5 GHz/1.8 GHz

	Sub-carrier spacing
	30/15 kHz

	Initial DL BWP bandwidth
	24/48/96 RBs

	Number of used RB
	Depend on different simulation cases

	Coding rate
	1/6

	CP
	Normal CP

	Modulation
	QPSK

	Channel model
	TDL-A DS=100ns

	UE velocity
	3 km/h 

	Channel estimation
	RCE 

	Antennas configurations
	1Tx2Rx

	SIB1 payload size
	500 bits

	PDSCH Symbols
	12 OFDM symbols

	DMRS
	One front-loaded, one additional DMRS symbol
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