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1 Introduction

This contribution considers remaining aspects related to HARQ management/scheduling and UE processing time. In addition, NR peak data rate and TBS are also discussed.
2 Remaining issues for DL  
2.1 UE PDSCH processing procedure time

In RAN1#93 meeting, how to configure PDSCH processing time table according to the different dmrs-AdditionalPosition values was discussed and the following agreement was made.
	Agreements:

· To adopt the following TP:

------ Text Proposal for TS 38.214 Subclause 5.3 ------

N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL 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  (at least for one of PDSCH mapping Type A or B) or if the high layer parameter is not configured (at least for one of PDSCH mapping Type A or B), 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 ------


According to the above agreements, it seems that if the higher layer parameter dmrs-AdditionalPosition is not configured both of PDSCH mapping Type A and B, N1 value should follow from the first column of table 5.3-1 or table 5.3-2. However, current specification describes that the N1 value follows from the first column of table 5.3-1 and 5.3-2 when dmrs-AdditionalPosition is not configured at least for one of PDSCH mapping Type A or B. Hence, it seems that the conditions of current specification to configure the first and the second column are partially overlapped. To clarify the specification with agreements made, followings are text proposal for table 5.3-1 and table 5.3-2 of section 5.3 in [1].

	5.3
 UE PDSCH processing procedure time

…

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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PDSCH decoding time N1 [symbols]

dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
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Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
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PDSCH decoding time N1 [symbols]

dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig eitherboth of 
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Proposal 1: Above text proposal should be considered for Section 5.3 of TS 38.214.
2.2 PDCCH validation for DL SPS 
In section 10.2 of [2], there is an explanation for processing time between DL SPS reception and HARQ feedback as follows. 

	10.2  PDCCH validation for DL SPS and UL grant Type 2
A UE with capability 1 [6, TS 36.214] is expected to be able to provide HARQ-ACK information in response to a DL SPS scheduling release after [image: image3.wmf]N

 symbols from the last symbol of a PDCCH providing the DL SPS scheduling release where, for the subcarrier spacing of the PDCCH reception, [image: image4.wmf]10
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 for 120 kHz.


From the above description, N value is determined by subcarrier spacings and however it is not clear what subcarrier spacing N value should be applied when subcarrier spacing for PDCCH providing DL SPS scheduling release is different with subcarrier spacing for UL channel delivering HARQ-ACK. Moreover, if HARQ-ACK information is piggybacked on PUSCH, it may need to add more processing time to process HARQ-ACK piggybacking on PUSCH.

Regarding the issue on determination of subcarrier spacing, it is simple to follow subcarrier spacing of PDCCH providing DL SPS scheduling release because blind decoding of PDCCH candidates may take a large portion of processing time for HARQ-ACK upon PDCCH indicating DL SPS scheduling release.. Regarding HARQ-ACK on PUSCH, it is reasonable to add 1 symbol to existing processing time if HARQ is piggybacked on PUSCH. It is noted that adding 1 symbol is already considered to calculate PDSCH processing time or PUSCH procedure time in [1].  Otherwise, it just follows values defined in current specification. Based on raised issues and suggestions, following is text proposal for section 10.2 in [2]. 
	10.2
PDCCH validation for DL SPS and UL grant Type 2

....
A UE with capability 1 [6, TS 36.214] is expected to be able to provide HARQ-ACK information in response to a DL SPS scheduling release after [image: image8.wmf]N

 symbols from the last symbol of a PDCCH providing the DL SPS scheduling release where, for the subcarrier spacing of the PDCCH reception, [image: image9.wmf]10
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 for 120 kHz in case of HARQ-ACK on PUCCH. If HARQ-ACK on PUSCH, N=11 for 15kHz, N=13 for 30 kHz, N=23 for 60 kHz, and N=26 for 120 kHz. N is defined with respect to the subcarrier spacing of the PDCCH providing DL SPS scheduling release.


Proposal 2: Above text proposal should be considered for Section 10.2 of TS 38.213.
2.3 Interrupted transmission indication
Followings had been agreed for interrupted transmission indication in last RAN1 meetings. 
	RAN1#90bis Agreements:

· For minimum monitoring periodicity of pre-emption indication:

· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)
RAN1#91 Agreements:

· No concensus to support mini-slot level monitoring periodicity of preemption indication in RAN1#91

RAN1#91 Agreements:

· Supported periodicities for slot level preemption monitoring are
· 1, 2, TBD1, TBD2 slots
RAN1#AH-1801 Agreements:

· Support 4 as additional PI monitoring periodicity value as part of the RRC configuration for the UE
· No other additional values in Rel-15


To sum up, possible periodicities for interrupted transmission indication are only 1, 2 and 4 slot.  Symbol-level (a.k.a. mini-slot level) monitoring should not be allowed in Rel-15. However, current specification supports more periodicities of DCI format 2_1 including mini-slot level monitoring as following descriptions in [2]. 

	11.2
Interrupted transmission indication

If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in a slot, the set of symbols indicated by a field in DCI format 2_1 includes the last 
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 symbols prior to the first symbol of the control resource set in the slot where 
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 is the PDCCH monitoring periodicity provided by the value of higher layer parameter monitoringSlotPeriodicityAndOffset, as described in Subclause 10.1, ... 


Higher layer parameter monitoringSlotPeriodicityAndOffset can have one of following values as defined in [3].
	monitoringSlotPeriodicityAndOffset

CHOICE {



sl1









NULL, 



sl2









INTEGER (0..1), 



sl4









INTEGER (0..3), 



sl5 








INTEGER (0..4),



sl8









INTEGER (0..7), 



sl10 








INTEGER (0..9),



sl16 








INTEGER (0..15),



sl20 








INTEGER (0..19),



sl40 








INTEGER (0..39),



sl80 








INTEGER (0..79),



sl160 








INTEGER (0..159),



sl320 








INTEGER (0..319),



sl640 








INTEGER (0..639),



sl1280 








INTEGER (0..1279),



sl2560 








INTEGER (0..2559)


}





Also, according to section 10.1 of [2], there is no restriction for configuring PDCCH monitoring pattern within a slot for DCI format 2_1 via high layer parameter monitoringSymbolsWithinSlot. In other words, mini-slot level monitoring for DCI format 2_1 can be configured based on high layer parameter monitoringSymbolsWithinSlot even though this operation had not been agreed at all.  Therefore, following is text proposal for section 11.2 of [2]. 

	11.2
Interrupted transmission indication

..
UE does not expect to configure monitoringSymbolsWithinSlot for DCI format 2_1.
UE expects to configure one of sl1, sl2 and sl4 by high layer parameter monitoringSlotPeriodicityAndOffset for DCI format 2_1.


Proposal 3: Above text proposal should be considered for Section 11.2 of TS 38.213
2.4 UE CSI computation time
The following TP in TS38.214 [1] is proposed for editorial change.

	5.4 UE CSI computation time

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide valid CSI report(s), 

-
if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref , and

-
if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref, 

where Zref is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDCCH triggering the CSI report, and where Z'ref, is defined as the next uplink symbol with its CP starting after  
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after the end of the last symbol in time of: the last symbol of aperiodic CSI-RS resource for channel measurements, the last symbol of aperiodic CSI-IM used for interference measurements, and the last symbol of aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for triggered CSI report n, 

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref,
-
the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH, or

-
the UE drops the CSI for the triggered CSI reports if either HARQ-ACK or transport block is multiplexed on the PUSCH,


Proposal 4: Above text proposal should be considered for Section 5.4 of TS 38.214
3 Remaining issues for UL  
3.1 UE procedure for transmitting the physical uplink shared channel
In section 6.1 of [1], there is an explanation for PUSCH transmission rules based on the position PDCCH and PUSCH as follows. 
	6.1 UE procedure for transmitting the physical uplink shared channel

…
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.

…


From the above explanation, PUSCH transmission is determined by a symbol i in a PDCCH. However, there is no clarification for the position of the symbol i in the PDCCH. Since PDCCH can be consisted of up to three symbols, PUSCH transmission condition can be varied by a position of symbol i. Therefore, for the clarification of the specification, following text proposal for section 6.1 of [1] is suggested.
	6.1 UE procedure for transmitting the physical uplink shared channel

…

A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.

…


Proposal 5: Above text proposal should be considered for Section 6.1 of TS 38.214.

3.2 UE procedure for applying transform precoding on PUSCH
Section 6.1.3 and 6.1.4.1 of [1] illustrate the procedure for applying transform precoding on PUSCH as follows, respectively. 
	6.1.3 UE procedure for applying transform precoding on PUSCH

…

For PUSCH transmission scheduled with a DCI:

-
If the DCI with the scheduling grant was received with DCI format 0_0, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoding. 

…

	6.1.4.2 Modulation order and target code rate determination

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, new-RNTI, TC-RNTI, or SP-CSI-RNTI, the transform precoding is enabled if transformPrecoder in PUSCH-Config is set to 'enabled', or if transformPrecoder in PUSCH-Config is not configured and msg3-transformPrecoding in rach-ConfigCommon is set to 'enabled'; otherwise the transform precoding is disabled.
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by CS-RNTI, or the PUSCH with configured grant using CS-RNTI, the transform precoding is enabled if transformPrecoder in ConfiguredGrantConfig is set to 'enabled'; otherwise the transform precoding is disabled.
...


From the above descriptions, for the PUSCH scheduled with DCI format 0_0, whether or not applying transform precoding is determined by msg3-transformPrecoding. However, according to the Section 6.1.4.1 of [1], the transform precoding for the PUSCH assigned a DCI format 0_0 can be also enabled by PUSCH-Config or ConfiguredGrantConfig so that further clarification seems to be required. It is noted that PUSCH-Config and ConfiguredGrantConfig are used to configure the UE specific PUSCH parameters while msg3-transformPrecoding is used to specify the cell specific information. In this regards, it seems reasonable to divide the UE procedure for applying transform precoding on PUSCH according to the monitored search space of the DCI format 0_0. Followings are text proposals for section 6.1.3 in [1]
	6.1.3 UE procedure for applying transform precoding on PUSCH

…

For PUSCH transmission scheduled with a DCI

- If the DCI with the scheduling grant was received with DCI formation 0_0 monitored in a CSS, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled of disabled according to the higher layer configured parameter msg3-transformPrecoding

- If the DCI with the scheduling grant was received with DCI format 0_0 monitored in a USS
· If the UE is configured with the higher layer PUSCH-Config, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this parameter

· If the UE is not configured with the higher layer parameter PUSCH-Config, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoding
…


Proposal 6: Above text proposal should be considered for Section 6.1.3 of TS 38.214.
3.3 Intra-slot hopping frequency with repetition
RAN1 agreed that either intra-slot or inter-slot frequency hopping for PUSCH with repetition can be enabled for a given carrier for a UE at a time (not both at the same time), and intra-slot frequency hopping can be enabled for PUSCH without repetition. 

The PUSCH transmission with repetition supports both type A and type B resource mapping. For both type A and type B mapping, the same symbol allocation is applied across the K consecutive slots per the agreement in RAN1 92b. 

Apparently, if the intra-slot frequency hopping is enabled, the same hopping procedure can be applied to both PUSCH transmissions with and without repetition. The current spec only captures the hopping boundary in time domain for intra-slot PUSCH frequency hopping without repetition, while no description for the PUSCH with repetition. The corresponding procedure should be added. 
A proposed text for [1] is provided below.
	6.3  UE PUSCH frequency hopping procedure
When transform precoding is enabled for PUSCH transmission, the UE shall perform, at least for the 14-symbol slot, PUSCH frequency hopping [if the frequency hopping field in the corresponding detected PDCCH DCI format is set to 1]; otherwise no PUSCH frequency hopping is performed.

In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, otherwise no PUSCH frequency hopping is performed. When transform precoding and frequency hopping are enabled for PUSCH, the RE mapping is performed in the following order: the modulated symbols are first mapped across sub-carriers, then across transform precoded symbols within a frequency-hop, then across frequency hops occupying different sets of PRBs.

If a UE is configured by higher layer parameter frequencyHopping in PUSCH-Config, one of two frequency hopping modes can be configured:

-
Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.

-
Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
When frequency hopping on PUSCH is enabled and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in PUSCH-Config:

-
when the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant

-
when the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.

The starting RB during in each hop is given by:
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 be the starting resource within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.

In case of intra-slot frequency hopping is configured for PUSCH without repetitions, the number of symbols in the first hop is given by 
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, the number of symbols in the second hop is given by 
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 is the length of the PUSCH transmission in OFDM symbols in one slot.
In case of inter-slot frequency hopping, the starting RB during slot 
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where 
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 is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place, 
[image: image27.wmf]start

RB

 is the starting resource within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.


Proposal 7: Above text proposal should be considered for Section 6.3 of TS 38.214.
3.4 UE PUSCH preparation procedure time
In RAN1#92 meeting, removing timing advance from the processing time formulas was discussed and the following agreement was made.
	Agreements:

· For the processing time formulas given in Section 5.3 & 6.4, in TS 38.214,

· (working assumption) Remove timing advance from the processing time formulas

· Clarify that the conversion from symbol units to absolute time assumes NCP (with the shorter symbol length) as a nominal convention for both NCP and ECP cases
· The UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) should be defined as max(T1, T2) based on the agreement in RAN1#91, where T1 or T2 is the absolute time of N1 in case with single SCS u1 or single SCS u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH).


Based on the above agreements, the effect of timing advance was included in the text of section 5.3 of [1]. However, it seems that the explanation for the effect of the timing advance is omitted in the Section 6.4 of [1] as follow.
	6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-    N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].

-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 

-
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 1.
…


For the clarification, the effect of timing advance should be included in the text of Section 6.4 of [1]. In addition, there is a typo for the d2,2. For the otherwise case, it seems that d2,2 =0. Followings are text proposals for section 6.1.3 in [1].
	6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI including the DM-RS and the effect of the timing advance, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-    N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].

-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 

-
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 10.
…


Proposal 8: Above text proposal should be considered for Section 6.4 of TS 38.214.

4 NR peak data rate and TBS  
NR data rate can be calculated by a formula given by [4] as follows.

	The DL and UL max data rate supported by the UE is calculated by band or band combinations supported by the UE. A UE supporting MR-DC shall support the calculated DL and UL max data rate defined in 4.1.2. A non MR-DC capable UE supporting a max data rate lower than the calculated max data rate indicates the DL and UL max data rate by the UE category as defined in 4.1.3.
…
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.
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When the scaling factor f in the above formula is equal to 1, the peak data rate can be obtained by the following table. The detailed calculation can be seen in Appendix A and B.
	Subcarrier spacing
	Data rate (Mbps) by formula

	15 kHz
	1155.7

	30 kHz
	2337.0

	60 kHz for FR1
	2311.3

	60 kHz for FR2
	4309.7

	120 kHz
	8619.4


Differently, the actual data rate can be given by maximum supported TBS divided by TTI length, which is shown in the following table. 

	Subcarrier spacing
	Data rate (Mbps) by TBS

	15 kHz
	1245.5

	30 kHz
	2555.9

	60 kHz for FR1
	2491.0

	60 kHz for FR2
	4852.1

	120 kHz
	9704.3


As it can be seen in the above, the data rate obtained by TBS is larger than that obtained by formula. This means that the maximum TBS defined in NR cannot be utilized at all by being restricted by peak data rate formula. Data rate obtained by TBS could be the same or larger than that obtained by the formula by modifying the value in calculation of peak data rate.
Proposal 10: Modify OH value in peak data rate formula as 0.5 for all cases.
Even with modifying OH value in the peak data rate formula, due to the scaling factor less than 1, data rate by the formula would be larger than that by TBS for some cases. Therefore, the restriction on TBS for data transmission may be needed to avoid transmission with larger TBS than corresponding peak data rate.
Proposal 11: Allow UE to skip decoding in case that TBS divided by TTI length is larger than its peak data rate.
5 Remaining issues for processing time capability#2 
For aggressive mode processing time, the capability#2 was discussed and the following agreements were made in RAN1#93. 
	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
Agreements:

The Capability #2 UE processing times are given below, where the PDSCH allocation length is assumed to be at least 7 symbols.

· N1

· 15kHz: N1 = 3

· 30kHz: N1 = 4.5

· Note: as part of UE capability, 

· UE may report support with maximum scheduled RB allocation of 136 RBs

· If RB allocation by scheduling exceeds the maximum signaled, UE defaults to Capability #1 processing time

· OR UE may report support with no restriction on maximum scheduled RB allocation

· 60kHz for FR1: 9

· N2 


· 15kHz: N2 = 5 for CP-OFDM & For DFT-S-OFDM

· 30kHz: N2 = 5.5

· 60kHz for FR1: 11

· If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2.


When configured with 2 or more CCs, the minimum processing time with capability#2 is too tight to meet the requirements with common baseband processing capability at the UE side. Therefore, capability#2 needs to be applied only when one CC is configured. Unless, additional delay like 5 OFDM symbols is needed. 

For 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, one OFDM symbol is needed for additional delay.

For UCI multiplexing, when other UCI such as RI/CQI than HARQ-ACK is multiplexed, then additional delay is needed since it takes time to multiplex HARQ-ACK after decoding PDSCH and RI/CQI after channel estimation.
Also, when a UE receives unicast PDSCH and broadcast PDSCH at the same time, then the unicast PDSCH needs to be always prioritized for capability#2. 
Also, the current specification does not reflect that UE processing capability#2 is not applied for UCI multiplexing cases.
To reflect the above views, the following TPs in TS38.214 are proposed.
	5.3
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 
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 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].

-    For UE processing capability 1, 

-    If HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-
If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-    For UE processing capability 2, 

       - If HARQ-ACK and no other UCI is transmitted on PUCCH, then d1,1 = 0,
       - If HARQ-ACK and other UCI are transmitted on PUCCH, then d1,1 = 1,
       - If HARQ-ACK and no other UCI is transmitted on PUSCH, then d1,1 = 4,
       - If HARQ-ACK and other UCI is transmitted on PUSCH, then d1,1 = 5,
-
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, 

-
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. 
-
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..

-
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. 
-     When a UE is configured with two or more CCs for DL, 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.


	6.4
UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
[image: image33.wmf](

)

(

)

,222,12,2

2,3

max()(2048144)2

,

procC

TNddT

d

m

k

-

=++××

+

after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].

-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 

-    For UE processing capability 1, 

     -
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 10.

-    For UE processing capability 2, 
-      If a UE is configured with two or more CCs for UL or if the HARQ-ACK and/or other UCI is multiplexed on PUSCH, then the UE defaults to capability 1 processing time.

-
If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 

-
If the scheduling DCI triggered a switch of BWP, d2,3 equals to the switching time as defined in [11, TS 38.133], otherwise d2,3=0.
Otherwise the UE may ignore the scheduling DCI. 


Proposal 11: Above text proposals should be considered for Section 5.3 and Section 6.4 of TS 38.214.

6 Simultaneous transmission and reception 
The current NR describes reception types and simultaneous receptions Table 6.2-1 and Table 6.2-2 in [5]. However, those two tables do not reflect the following characteristic of NR.

· Scheduling PDCCH and corresponding PDSCH can be allocated in the different slots.

· Multiple symbol locations can deliver multiple PDCCH scheduling PDSCH.
Due to the above characteristics, up to 10 PDCCH scheduling PDSCH can be transmitted in a slot. Also, some slots may have only PDSCH without corresponding PDCCH: one reason is that the corresponding scheduling PDCCH may come in the previous slot, and another reason is configured SPS-like PDSCH transmission. 
Proposal 12: Discuss how many PDCCH can be transmitted per slot.
Proposal 13: “D2, PDSCH” needs to be added in Table 6.2-1 of TS 38.202. Or, for reception type B, C1, D0, and D1, “PDCCH+PDSCH” is modified as “PDCCH and/or PDSCH”.
7 Conclusions

In this contribution, we considered the remaining issue of HARQ/scheduling and UE processing time and the followings are proposed. 
Proposal 1: The text proposal in section 2.1 should be considered for Section 5.3 of TS 38.214.
Proposal 2: The text proposal in section 2.2 should be considered for Section 10.2 of TS 38.213.
Proposal 3: The text proposal in section 2.3 should be considered for Section 11.2 of TS 38.213.
Proposal 4: The text proposal in section 2.4 should be considered for Section 5.4 of TS 38.214
Proposal 5: The text proposal in section 3.1 should be considered for Section 6.1 of TS 38.214.

Proposal 6: The text proposal in section 3.2 should be considered for Section 6.1.3 of TS 38.214.
Proposal 7: The text proposal in section 3.3  should be considered for Section 6.3 of TS 38.214.
Proposal 8: The text proposal in section 3.4 should be considered for Section 6.4 of TS 38.214.
Proposal 9: Modify OH value in peak data rate formula as 0.5 for all cases.
Proposal 10: Allow UE to skip decoding in case that TBS divided by TTI length is larger than its peak data rate.

Proposal 11: The text proposals in section 5 should be considered for Section 5.3 and Section 6.4 of TS 38.214.

Proposal 12: Discuss how many PDCCH can be transmitted per slot.
Proposal 13: “D2, PDSCH” needs to be added in Table 6.2-1 of TS 38.202. Or, for reception type B, C1, D0, and D1, “PDCCH+PDSCH” is modified as “PDCCH and/or PDSCH”.
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A. Appendix A: Calculation of NR peak data rate for DL 
According to [4], NR peak data rate with specific parameters can be calculated as follows.

· 15 kHz subcarrier spacing

	#layers
	Qm
	Rmax
	NPRBBW
	Tμ
	OH
	f
	data rate (Mbps)

	4
	8
	0.925781
	270
	7.14×10-5
	0.14
	1
	1155.7

	
	
	
	
	
	
	0.8
	924.5

	
	
	
	
	
	
	0.75
	866.7

	
	
	
	
	
	
	0.4
	462.3


· 30 kHz subcarrier spacing

	#layers
	Qm
	Rmax
	NPRBBW
	Tμ
	OH
	f
	data rate (Mbps)

	4
	8
	0.925781
	273
	3.57×10-5
	0.14
	1
	2337.0

	
	
	
	
	
	
	0.8
	1869.6

	
	
	
	
	
	
	0.75
	1752.8

	
	
	
	
	
	
	0.4
	934.8


· 60 kHz subcarrier spacing for FR1

	#layers
	Qm
	Rmax
	NPRBBW
	Tμ
	OH
	f
	data rate (Mbps)

	4
	8
	0.925781
	135
	1.79×10-5
	0.14
	1
	2311.3

	
	
	
	
	
	
	0.8
	1849.1

	
	
	
	
	
	
	0.75
	1733.5

	
	
	
	
	
	
	0.4
	924.5


· 60 kHz subcarrier spacing for FR2

	#layers
	Qm
	Rmax
	NPRBBW
	Tμ
	OH
	f
	data rate (Mbps)

	4
	8
	0.925781
	264
	1.79×10-5
	0.18
	1
	4309.7

	
	
	
	
	
	
	0.8
	3447.7

	
	
	
	
	
	
	0.75
	3232.3

	
	
	
	
	
	
	0.4
	1723.9


· 120 kHz subcarrier spacing

	#layers
	Qm
	Rmax
	NPRBBW
	Tμ
	OH
	f
	data rate (Mbps)

	4
	8
	0.925781
	264
	8.93×10-6
	0.18
	1
	8619.4

	
	
	
	
	
	
	0.8
	6895.5

	
	
	
	
	
	
	0.75
	6464.5

	
	
	
	
	
	
	0.4
	3447.7


B. Appendix B: Calculation of data rate by using TBS for DL 
According to [1], NR data rate by using TBS divided by TTI length can be calculated as follows. The TTI  length is obtained by using average symbol length.

· 15 kHz subcarrier spacing (270 PRBs)
	#symbol
	#DMRS RE
	N'info
	C
	TBS
	TTI length (ms)
	data rate (Mbps)

	3
	12
	192,512
	23
	192,624
	0.214286
	898.91

	4
	12
	286,720
	35
	286,976
	0.285714
	1,004.42

	5
	12
	385,024
	46
	385,272
	0.357143
	1,078.76

	6
	12
	483,328
	58
	483,464
	0.428571
	1,128.08

	7
	12
	573,440
	69
	573,504
	0.500000
	1,147.01

	8
	12
	671,744
	80
	671,976
	0.571429
	1,175.96

	9
	12
	770,048
	92
	770,568
	0.642857
	1,198.66

	10
	12
	868,352
	104
	868,584
	0.714286
	1,216.02

	11
	12
	966,656
	115
	966,896
	0.785714
	1,230.59

	12
	12
	1,048,576
	125
	1,048,976
	0.857143
	1,223.81

	13
	12
	1,146,880
	137
	1,147,488
	0.928571
	1,235.76

	14
	12
	1,245,184
	148
	1,245,544
	1.000000
	1,245.54


· 30 kHz subcarrier spacing (273 PRBs)
	#symbol
	#DMRS RE
	N'info
	C
	TBS
	TTI length (ms)
	data rate (Mbps)

	3
	12
	192,512
	23
	192,624
	0.107143
	1,797.82

	4
	12
	294,912
	36
	295,176
	0.142857
	2,066.23

	5
	12
	385,024
	46
	385,272
	0.178571
	2,157.52

	6
	12
	483,328
	58
	483,464
	0.214286
	2,256.17

	7
	12
	589,824
	71
	590,128
	0.250000
	2,360.51

	8
	12
	671,744
	80
	671,976
	0.285714
	2,351.92

	9
	12
	770,048
	92
	770,568
	0.321429
	2,397.32

	10
	12
	868,352
	104
	868,584
	0.357143
	2,432.04

	11
	12
	966,656
	115
	966,896
	0.392857
	2,461.19

	12
	12
	1,081,344
	129
	1,081,512
	0.428571
	2,523.53

	13
	12
	1,179,648
	141
	1,179,864
	0.464286
	2,541.25

	14
	12
	1,277,952
	152
	1,277,992
	0.500000
	2,555.98


· 60 kHz subcarrier spacing for FR1 (135 PRBs)
	#symbol
	#DMRS RE
	N'info
	C
	TBS
	TTI length (ms)
	data rate (Mbps)

	3
	12
	96,256
	12
	96,264
	0.053571
	1,796.93

	4
	12
	143,360
	18
	143,400
	0.071429
	2,007.60

	5
	12
	192,512
	23
	192,624
	0.089286
	2,157.39

	6
	12
	241,664
	29
	241,720
	0.107143
	2,256.05

	7
	12
	286,720
	35
	286,976
	0.125000
	2,295.81

	8
	12
	335,872
	40
	335,976
	0.142857
	2,351.83

	9
	12
	385,024
	46
	385,272
	0.160714
	2,397.25

	10
	12
	434,176
	52
	434,280
	0.178571
	2,431.97

	11
	12
	483,328
	58
	483,464
	0.196429
	2,461.27

	12
	12
	524,288
	63
	524,640
	0.214286
	2,448.32

	13
	12
	573,440
	69
	573,504
	0.232143
	2,470.48

	14
	12
	622,592
	74
	622,760
	0.250000
	2,491.04


· 60 kHz subcarrier spacing for FR2 (264 PRBs)
	#symbol
	#DMRS RE
	N'info
	C
	TBS
	TTI length (ms)
	data rate (Mbps)

	3
	12
	188,416
	23
	188,576
	0.053571
	3,520.09

	4
	12
	278,528
	34
	278,776
	0.071429
	3,902.86

	5
	12
	376,832
	45
	376,896
	0.089286
	4,221.24

	6
	12
	466,944
	56
	467,240
	0.107143
	4,360.91

	7
	12
	557,056
	67
	557,416
	0.125000
	4,459.33

	8
	12
	655,360
	78
	655,800
	0.142857
	4,590.60

	9
	12
	753,664
	90
	753,816
	0.160714
	4,690.41

	10
	12
	851,968
	102
	852,696
	0.178571
	4,775.10

	11
	12
	933,888
	111
	934,152
	0.196429
	4,755.68

	12
	12
	1,032,192
	123
	1,032,192
	0.214286
	4,816.90

	13
	12
	1,114,112
	133
	1,115,048
	0.232143
	4,803.28

	14
	12
	1,212,416
	144
	1,213,032
	0.250000
	4,852.13


· 120 kHz subcarrier spacing (264 PRBs)
	#symbol
	#DMRS RE
	N'info
	C
	TBS
	TTI length (ms)
	data rate (Mbps)

	3
	12
	188,416
	23
	188,576
	0.026786
	7,040.17

	4
	12
	278,528
	34
	278,776
	0.035714
	7,805.73

	5
	12
	376,832
	45
	376,896
	0.044643
	8,442.47

	6
	12
	466,944
	56
	467,240
	0.053571
	8,721.81

	7
	12
	557,056
	67
	557,416
	0.062500
	8,918.66

	8
	12
	655,360
	78
	655,800
	0.071429
	9,181.20

	9
	12
	753,664
	90
	753,816
	0.080357
	9,380.82

	10
	12
	851,968
	102
	852,696
	0.089286
	9,550.20

	11
	12
	933,888
	111
	934,152
	0.098214
	9,511.37

	12
	12
	1,032,192
	123
	1,032,192
	0.107143
	9,633.79

	13
	12
	1,114,112
	133
	1,115,048
	0.116071
	9,606.57

	14
	12
	1,212,416
	144
	1,213,032
	0.125000
	9,704.26
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