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Introduction
In this contribution, we discuss the remaining issues of DL/UL scheduling and HARQ management needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78. The issues discussed are the following: 
· UE monitoring of C-RNTI PDSCH and SI-RNTI PDSCH
· TBS for broadcast PDSCH including SIB/RAR/Paging
· SPS PDSCH HARQ conflict with semi-static configuration
· [bookmark: _GoBack]SPS PDSCH HARQ timing
· Processing capability #2
· Processing requirement for SPS release
Discussion
On UE monitoring of C-RNTI PDSCH and SI-RNTI PDSCH 
In RAN1#92, the following working assumption was made:
Working assumption:
· While UE acquires SI upon being triggered by Paging DCI
· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol
· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH
· The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2216 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH
· The first two bullets always apply in FR2
· Send an LS to RAN2 asking for feedback – R1-1803536, which is approved and final LS is in R1-1803541
The above working assumption creates certain unnecessary and arbitrary restrictions for simultaneous decoding of SI and unicast PDSCH. It is noted that LTE enabled support of simultaneous reception of SI and unicast PDSCH and hence it is unclear why NR should create additional restrictions in simultaneous reception based on SI payload size. In case of parallel reception (of SI and unicast), a NR UE can always decode the unicast PDSCH to satisfy the HARQ-ACK feedback timing and then process the SI PDSCH. Thus, we think simultaneous reception of SI and unicast message should be supported without a block sizes threshold. This can be achieved by applying a maximum size threshold on the SI TBS. Conversely, the UE behaviour with dependency on SIB TBS threshold would cause the UE to first process the SI-RNTI PDCCH/PDSCH to at least identify the SIB size being carried, thus causing delay to the processing of C-RNTI PDCCH/PDSCH.
Next, the limit of 2216 is an arbitrary value that was taken from LTE SI size. With NR, it is expected that there should be a bit more room for system information transmission. Moreover, with parallelized LDPC decoding, same (or similar) decoding latency is expected with a block size of 2216 and with 3840 (with BG2, and both using Kb=10) or even up to 8448 (for BG1). With respect to soft buffer, given there is no explicit soft buffer specified (in RAN1/RAN2 specification) and the unicast TB sizes (~1 million bits) is much larger than TB sizes for SI transmissions (3824), there is negligible impact on soft buffer dimensioning at the UE side. Therefore, increased maximum SI TBS to 3824 should be supported for NR. 
Observation 1: With parallelized LDPC decoding, same (or similar) decoding latency is expected with a block size of 2216 and 3840. 
Observation 2: The increase of SI payload size from 2216 to 3824 has negligible impact on simultaneous decoding of unicast and broadcast, decoding latency or soft buffer dimensioning. 
Given the above, we think the maximum TBS for PDSCH scheduled by SI-RNTI can be increased to 3824 (and same can also be applied for RAR/paging as well), while also allowing simultaneous decoding without any TBS limit for FR1, and also for FR2 (see companion paper [4] for more details), where UE can use the same QCL assumption as unicast for broadcast PDSCH. In case of overlap, from a RAN2 protocol perspective, there are benefits in having a deterministic and consistent behaviour for both FR1 and FR2, and for autonomous and paging based SI acquisition. Since the network knows when broadcast PDSCH is transmitted and still the network decides to schedule unicast PSDCH, clearly that scheduled data would be important. Therefore, we propose that UE should prioritized decoding of C-RNTI PDSCH in both cases (SI acquisition autonomously or based on paging message). Based on the above, we have the following proposals.
[bookmark: _Toc510647173][bookmark: _Toc510647379][bookmark: _Toc510647445][bookmark: _Toc510647492][bookmark: _Toc510697771][bookmark: _Toc510697822][bookmark: _Toc510697849][bookmark: _Toc510697893][bookmark: _Toc510698180][bookmark: _Toc510698218][bookmark: _Toc510698446][bookmark: _Toc510714297][bookmark: _Toc510714333][bookmark: _Toc510764738][bookmark: _Toc510764963][bookmark: _Toc510765932][bookmark: _Toc510794266][bookmark: _Toc510794942]Maximum TBS for PDSCH scheduled by SI -RNTI/RA-RNTI/P-RNTI is 3824 bits.
[bookmark: _Toc510794267][bookmark: _Toc510794943][bookmark: _Toc510647174][bookmark: _Toc510647380][bookmark: _Toc510647446][bookmark: _Toc510647493][bookmark: _Toc510697772][bookmark: _Toc510697823][bookmark: _Toc510697850][bookmark: _Toc510697894][bookmark: _Toc510698181][bookmark: _Toc510698219][bookmark: _Toc510698447][bookmark: _Toc510714298][bookmark: _Toc510714334][bookmark: _Toc510764739][bookmark: _Toc510764964][bookmark: _Toc510765933]Change the working assumption on simultaneous reception of SI-RNTI PDSCH and C-RNTI PDSCH from RAN1#92 (Athens) to following.
[bookmark: _Toc510794268][bookmark: _Toc510794944]For both FR1 and FR2, the UE is expected to receive SI-RNTI PDSCH and C-RNTI PDSCH simultaneously.
[bookmark: _Toc510794269][bookmark: _Toc510794945]Note: If QCL-TypeD is applicable, and the QCLTypeD assumptions for SI-RNTI PDSCH and C-RNTI PDSCH are different, then the UE may apply the QCLTypeD assumptions for C-RNTI PDSCH.
TBS for broadcast PDSCH including SIB/RAR/Paging 
In RAN1#92, the following working assumption and agreement was made:
Working assumption:
· For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1
Agreements:
· Update 38.214 such that the same MCS table and TB size determination mechanism for data channels as defined for the C-RNTI is used for TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI
· Note: there could be limitation(s) for TBS/MCS determination, e.g., modulation order limit for certain cases, etc.
In the initial access evaluations, a performance issue with RAR PDSCH was identified. It was found that for the performance for PDSCH with very small payload (e.g. RAR with MCS0 and 3 PRB allocation) can be degraded. For example, as shown in a companion contribution [3], the broadcast PDSCH can become the weakest channel, especially if a small payload size and small number PRBs are allocated. Thus, even with the lowest MCS scheduled per the 64QAM MCS table (and the agreement from last meeting of using same MCS/TBS determination for broadcast PDSCH), the broadcast PDSCH performance would suffer. One way to resolve this is by allowing support of even lower spectral efficiencies for broadcast MCS. Fortunately, this can be done without any increase in DCI size. 
Option 1: Modify the TBS determination parameters slightly. 
· Option 1-A: Apply a scaling factor α, α < 1 in TBS determination to effectively achieve lower spectral efficiencies than current MCS0(rate 120/1024, QPSK)
· Since the MCS for broadcast PDSCH is restricted to QPSK only (WA), only MCS0-9 are considered valid and one bit in the MCS is effectively unused. 
· The unused bit can be used indicate a scaling factor (to effectively reduce the MCS) that can be applied in the TBS determination procedure e.g. to select between 1 or 1/4 (or to select between 1/2 and ¼). It is also possible to indicate three scaling factors (1, ½ and 1/4) by joint coding of scaling factor and MCS. The scaling factor can be applied in many different ways into the TBS determination (in 38.214) as shown below.
· 
Example 1: 
· Example 2: 
· Example 3: 
· Option 1-B: Apply a larger overhead value (Xoh-PDSCH) for TBS determination of broadcast messages. This value can be signalled or predefined. Option 1-B can be used together with Option 1-A. Alternatively, the unused MCS bit can also be used to select from more than one Xoh-PDSCH values (if desired). For example, the values can be selected from (0, 48, 72 or 96).
Option 2: Allow new MCS entries with even lower spectral efficiencies than current MCS0 (rate 120/1024, QPSK)
· A separate MCS table for EMBB broadcast PDSCH can be designed or alternatively the URLLC PDSCH MCS table can be reused (as it is expected that the URLLC PDSCH MCS table would contain MCS values lower than MCS0 of EMBB MCS table. An example table is shown below, where the lowest spectral efficiency is 0.0625, which is ~4x smaller than MCS0 of EMBB (0.2344). 
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Target Code rate 
× 1024
	Spectral
efficiency

	0
	2
	32
	0.0625

	1
	2
	41
	0.0801

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	2
	679
	1.3262



Figure 1 compares the TBS vs RB allocation for lowest MCS levels for Option 1 with alpha = 1 and alpha = ¼. It assumes 12 DMRS REs, Xoh =0 and 12 OFDM symbols for PDSCH. The figure shows that with alpha = ¼, smaller transport blocks can be scheduled with larger resource allocations, which would improve the PDSCH performance due to lowered MCS as shown in [3]. 
[image: C:\Users\enimaji\Desktop\meetings\ran1_92bis_Sanya\TBS_broadcast\SIB_alpha.png]
Figure 1. Comparison of TBS vs RA for different values of alpha scaling factor for broadcast PDSCH.
Based on the above discussion, we proposed to adopt the following proposal as per Option 1-A.
[bookmark: _Toc510647175][bookmark: _Toc510647385][bookmark: _Toc510647451][bookmark: _Toc510647494][bookmark: _Toc510697773][bookmark: _Toc510697824][bookmark: _Toc510697852][bookmark: _Toc510697896][bookmark: _Toc510698186][bookmark: _Toc510698225][bookmark: _Toc510698453][bookmark: _Toc510714304][bookmark: _Toc510714340][bookmark: _Toc510764745][bookmark: _Toc510764970][bookmark: _Toc510765939][bookmark: _Toc510794270][bookmark: _Toc510794946][bookmark: _Toc510647176][bookmark: _Toc510647386][bookmark: _Toc510647452][bookmark: _Toc510647495]For broadcast PDSCH, support scaling factor α, (α ≤ 1) in TBS determination via unused state of MCS field. α =1 and ¼ are supported.
In addition to proposal 3, we also note that the current specification implies that the UE-specifically configured Xoh-PDSCH is also applied to the TBS for broadcast PDSCH, forcing gNB to always set the Xoh-PDSCH to be the same for all UEs, which might not be feasible except for disabling the Xoh functionality (i.e. Xoh-PDSCH = 0 always).  Therefore, we think the Xoh-PDSCH for the TBS of broadcast PDSCH should not be UE-specifically configurable i.e. it should be fixed in specification or explicitly indicated in the DCI (e.g. to support even lower spectral efficiencies, as described in Option 1-B above). 
[bookmark: _Toc510647178][bookmark: _Toc510647388][bookmark: _Toc510647454][bookmark: _Toc510647497][bookmark: _Toc510697774][bookmark: _Toc510697825][bookmark: _Toc510697853][bookmark: _Toc510697897][bookmark: _Toc510698187][bookmark: _Toc510698226][bookmark: _Toc510698454][bookmark: _Toc510714305][bookmark: _Toc510714341][bookmark: _Toc510764746][bookmark: _Toc510764971][bookmark: _Toc510765940][bookmark: _Toc510794271][bookmark: _Toc510794947]For broadcast PDSCH, the Xoh-PDSCH in TBS determination should not be UE-specifically configurable i.e. it should be fixed or explicitly indicated in the DCI.
[bookmark: _Hlk510765823]SPS PDSCH HARQ conflict with semi-static configuration
[bookmark: _Hlk506481601]According to TS 38.331, the following SPS periodicities are supported: ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640. Also note that semi-statically configured pattern duration shall divide 20 ms evenly. That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly. This allows the following periodic patterns in terms of slots at different subcarrier spacings. It is clear that, with proper configuration SPS PDSCH HARQ conflict with semi-static configuration can be avoided.
	Pattern duration (ms)
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	240 kHz

	0.5
	
	1
	2
	4
	8

	0.625
	
	
	
	5
	

	1
	1
	2
	4
	8
	16

	1.25
	
	
	5
	10
	20

	2
	2
	4
	8
	16
	32

	2.5
	
	5
	10
	20
	40

	4
	4
	8
	16
	32
	64

	5
	5
	10
	20
	40
	80

	10
	10
	20
	40
	80
	160

	20
	20
	40
	80
	160
	320


Hence, we propose
[bookmark: _Toc510439766][bookmark: _Toc510647179][bookmark: _Toc510647389][bookmark: _Toc510647455][bookmark: _Toc510647498][bookmark: _Toc510697775][bookmark: _Toc510697826][bookmark: _Toc510697854][bookmark: _Toc510697898][bookmark: _Toc510698188][bookmark: _Toc510698227][bookmark: _Toc510698455][bookmark: _Toc510714306][bookmark: _Toc510714342][bookmark: _Toc510763376][bookmark: _Toc510763418][bookmark: _Toc510763440][bookmark: _Toc510763476][bookmark: _Toc510763497][bookmark: _Toc510764747][bookmark: _Toc510764972][bookmark: _Toc510765941][bookmark: _Toc510794272][bookmark: _Toc510794948]An SPS configuration with PUCCH for SPS PDSCH HARQ overlapping a DL slot is invalid.
SPS PDSCH HARQ timing
Activation of DL SPS is done by DCI 0_1 or DCI 1_1, where the corresponding CRC is scrambled with CS-RNTI. Therefore, like a normal grant, for DL semi-persistent scheduling at slot n, the UE provides feedback at n+k where k is the PDSCH-to-HARQ feedback timing in the DCI. In DCI 1_0, the field PDSCH-to-HARQ feedback timing is directly mapped to a number of slots from {1,…,8}, and in DCI 1_1 the PDSCH-to-HARQ feedback timing field just points to one value from a set of RRC configured values for number of slots. 
In addition to PDSCH-to-HARQ feedback timing, both DCI 1_0 and DCI 1_1 contain a downlink assignment index, which counts all previous DL assignments that should be included in the HARQ codebook. This way it is clear for the UE when the HARQ feedback for the corresponding PDSCH should be transmitted. 
The problem arises when there is an ongoing HARQ feedback based on dynamic or semi-static codebook, and there is a DL SPS activation with a PDSCH-to-HARQ timing and they are conflicting. In this case it is not clear for the UE whether it should follow the value K from the activation command or the ongoing feedback operation based on codebook. 
To avoid this confusion in the UE, we propose that for DL SPS the UE should follow the PDSCH-to-HARQ feedback timing if there is no ongoing feedback operation based on semi-static or dynamic codebook. If there is an ongoing feedback based on semi-static or dynamic codebook, then the UE should ignore the PDSCH-to-HARQ timing in the SPS activation command.
[bookmark: _Toc510763381][bookmark: _Toc510763423][bookmark: _Toc510763445][bookmark: _Toc510763477][bookmark: _Toc510763498][bookmark: _Toc510764748][bookmark: _Toc510764973][bookmark: _Toc510765942][bookmark: _Toc510794273][bookmark: _Toc510794949]For DL SPS, the UE should follow the PDSCH-to-HARQ feedback timing only if there is no ongoing feedback operation based on semi-static or dynamic codebook. If there is an ongoing feedback based on semi-static or dynamic codebook, then the UE should ignore the PDSCH-to-HARQ timing in the SPS activation command.
Processing capability #2
In terms of processing capabilities, the remaining point is the aggressive processing time table. When discussing the values for this table it is important to consider that these values are supposed to give good marketing values for NR. The values should be something also to target in the more midterm for implementations and not strictly speaking the most initial UEs, hence the values should be picked with this consideration in mind. In that sense the lowest value or below the lowest value in the currently discussed range would be applicable values.
[bookmark: _Ref509824125]Table 1: Proposed Range of UE Processing Time (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



In terms of capturing the above in the specification there is some ambiguity when the UE supports capability #2. This is particularly true for µ=2 and µ=3. How to clarify this has been captured in a text proposal in [1]. Note that the processing requirement parts above are not captured there.
Hence, we propose:
[bookmark: _Toc509824129][bookmark: _Toc509825638][bookmark: _Toc509826132][bookmark: _Toc509826139][bookmark: _Toc509826887][bookmark: _Toc510439767][bookmark: _Toc510647180][bookmark: _Toc510647390][bookmark: _Toc510647456][bookmark: _Toc510647499][bookmark: _Toc510697776][bookmark: _Toc510697827][bookmark: _Toc510697855][bookmark: _Toc510697899][bookmark: _Toc510698189][bookmark: _Toc510698228][bookmark: _Toc510698456][bookmark: _Toc510714307][bookmark: _Toc510714343][bookmark: _Toc510763382][bookmark: _Toc510763424][bookmark: _Toc510763446][bookmark: _Toc510763478][bookmark: _Toc510763499][bookmark: _Toc510764749][bookmark: _Toc510764974][bookmark: _Toc510765943][bookmark: _Toc510794274][bookmark: _Toc510794950]For processing capability #2 adopt a processing requirement according to Table 1.
[bookmark: _Toc509824130][bookmark: _Toc509825639][bookmark: _Toc509826133][bookmark: _Toc509826140][bookmark: _Toc509826888][bookmark: _Toc510439768][bookmark: _Toc510647181][bookmark: _Toc510647391][bookmark: _Toc510647457][bookmark: _Toc510647500][bookmark: _Toc510697777][bookmark: _Toc510697828][bookmark: _Toc510697856][bookmark: _Toc510697900][bookmark: _Toc510698190][bookmark: _Toc510698229][bookmark: _Toc510698457][bookmark: _Toc510714308][bookmark: _Toc510714344][bookmark: _Toc510763383][bookmark: _Toc510763425][bookmark: _Toc510763447][bookmark: _Toc510763479][bookmark: _Toc510763500][bookmark: _Toc510764750][bookmark: _Toc510764975][bookmark: _Toc510765944][bookmark: _Toc510794275][bookmark: _Toc510794951]Clarify when the different processing capabilities applies according to text proposals in [1].
Processing requirement for SPS release
It is noted that in sections 5.3 and 6.4 in 38.214 [1] the processing requirements for SPS release are missing. The only processing capabilities listed there are related to PDSCH/PUSCH. Correspondingly, the SPS release parts need to be added. The exact values have not been discussed either to our knowledge but given that this is mainly processing of an PDCCH message and not an PDSCH/PUSCH message the processing time should be rather short. Simple alternative is to apply the N1 (PDSCH-to-ACK) value from end of the corresponding PDCCH.
Hence, we propose
[bookmark: _Toc509825640][bookmark: _Toc509826134][bookmark: _Toc509826141][bookmark: _Toc509826889][bookmark: _Toc510439769][bookmark: _Toc510647182][bookmark: _Toc510647392][bookmark: _Toc510647458][bookmark: _Toc510647501][bookmark: _Toc510697778][bookmark: _Toc510697829][bookmark: _Toc510697857][bookmark: _Toc510697901][bookmark: _Toc510698191][bookmark: _Toc510698230][bookmark: _Toc510698458][bookmark: _Toc510714309][bookmark: _Toc510714345][bookmark: _Toc510763384][bookmark: _Toc510763426][bookmark: _Toc510763448][bookmark: _Toc510763480][bookmark: _Toc510763501][bookmark: _Toc510764751][bookmark: _Toc510764976][bookmark: _Toc510765945][bookmark: _Toc510794276][bookmark: _Toc510794952]The processing requirement for SPS release is N1 OFDM symbols from last symbol of the corresponding PDCCH.
Conclusions
In this contribution, we discuss the remaining issues of DL/UL scheduling and HARQ management needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
Based on the discussion in this contribution, we have the following observations and proposals:

Observation 1: With parallelized LDPC decoding, same (or similar) decoding latency is expected with a block size of 2216 and 3840. 
Observation 2: The increase of SI payload size from 2216 to 3824 has negligible impact on simultaneous decoding of unicast and broadcast, decoding latency or soft buffer dimensioning. 
Proposal 1	Maximum TBS for PDSCH scheduled by SI -RNTI/RA-RNTI/P-RNTI is 3824 bits.
Proposal 2	Change the working assumption on simultaneous reception of SI-RNTI PDSCH and C-RNTI PDSCH from RAN1#92 (Athens) to following.
	For both FR1 and FR2, the UE is expected to receive SI-RNTI PDSCH and C-RNTI PDSCH simultaneously.
	Note: If QCL-TypeD is applicable, and the QCLTypeD assumptions for SI-RNTI PDSCH and C-RNTI PDSCH are different, then the UE may apply the QCLTypeD assumptions for C-RNTI PDSCH.
Proposal 3	For broadcast PDSCH, support scaling factor α, (α ≤ 1) in TBS determination via unused state of MCS field. α =1 and ¼ are supported.
Proposal 4	For broadcast PDSCH, the Xoh-PDSCH in TBS determination should not be UE-specifically configurable i.e. it should be fixed or explicitly indicated in the DCI.
Proposal 5	An SPS configuration with PUCCH for SPS PDSCH HARQ overlapping a DL slot is invalid.
Proposal 6	For DL SPS, the UE should follow the PDSCH-to-HARQ feedback timing only if there is no ongoing feedback operation based on semi-static or dynamic codebook. If there is an ongoing feedback based on semi-static or dynamic codebook, then the UE should ignore the PDSCH-to-HARQ timing in the SPS activation command.
Proposal 7	For processing capability #2 adopt a processing requirement according to Table 1.
Proposal 8	Clarify when the different processing capabilities applies according to text proposals in [1].
Proposal 9	The processing requirement for SPS release is N1 OFDM symbols from last symbol of the corresponding PDCCH.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref510764609][bookmark: _Ref509825634]R1-1805196, “TP for remaining issues of scheduling and HARQ management,” Ericsson
TS 38.214, “NR; Physical layer procedures for data.”
[bookmark: _Ref510764534]R1-1805221, Ericsson, “Remaining details of RACH procedure”, RAN1#92bis, Apr 2018.
R1- 1804977, Ericsson, “On simultaneous reception of physical and reference signals across CCs”, RAN1#92bis, Apr 2018.
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