Page 1
3GPP TSG RAN WG1 Meeting #94																R1-1808674
Gothenburg, Sweden, Aug. 20 - 24, 2018

Source: 	Intel Corporation 
Title:	NR Scheduling and HARQ Procedures
Agenda item:	7.1.3.3
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss open issues on scheduling and HARQ procedures for Rel-15 NR. Additionally, we present some clarifications to limitation on TBS based on the reported the NR peak data rate.

2. Some remaining details on Capability #2
At the RAN1 #93 the following was agreed:
	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.
· [bookmark: _Hlk514404180]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.



One of the open issues is the applicability of Capability #2 processing times for CA configurations. Considering the primary motivation behind introduction of Capability #2 numbers have been for URLLC use cases that may not frequently employ CA configurations, it is recommended that, in Rel-15, Capability #2 is limited to single-CC operation.
While it may be possible to limit Capability #2 to a particular CC out of a number of carriers that a CA-capable UE may be configured with, this can significantly complicate the different combinations and cases that may need to be handled given various forms of CA configurations. Thus, it would be prudent to not introduce Capability #2 to CA configurations given the closure of Rel-14. 
On the other hand, if the applicability of Capability #2 to a single carrier for a UE configured with CA is deemed essential for Rel-15, then it should be restricted to the case of self-carrier scheduling such that the network can configure the UE with a single CC out of configured CCs for which Capability 2 may apply. For the other CCs, the UE can expect that HARQ-ACK and PUSCH transmission timings satisfy Capability 1. Further, dynamic switching between Capabilities #2 and #1 should be avoided as much as possible, and this offers yet another reason to avoid applicability of Capability #2 in CA configuration based on specific assumptions on scheduling choices.
Proposal 2.1:
· Limit Capability #2 to single-CC operation
· If support of Capability #2 in CA configuration is essential, under assumption of self-carrier scheduling, the gNB configures the UE with a particular CC to which Capability #2 may apply. 

For PDSCH mapping type B with 2 or 4 symbols, we propose to confirm the working assumption, with the resolution of the following FFS point:
· FFS: handling of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH

Towards resolving the above FFS, the same principle as for the case of 1- or 2-symbol CORESETs should be followed. Specifically, for this case the UE needs to wait until one symbol after the last symbol of the PDSCH. This incurs an additional delay by one symbol that needs to be factored in while determining the corresponding minimum processing time.
Effectively, this case can be seen as very similar to the case of a PDCCH in a 3-symbol CORESET scheduling a 3-symbol PDSCH. Comparing to the case of 2-symbol PDSCH being scheduled by a PDCCH in a 2-symbol CORESET that overlaps with the scheduled PDSCH on both the symbols, it would be natural to provide a margin of d = 3 symbols to the minimum processing time defined for 7-symbol (“baseline duration”) case. 
Proposal 2.2:
· For the case of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, the N1 processing time is increased by ‘d =3’ symbols relative to the case of PDSCH with 7 symbols.

For the UE indicating Capability #2 PDSCH processing time for 30 kHz SCS with restricted PDSCH max allocation of no more than 136 PRBs, it is possible that back-to-back scheduling instances may be such that a PDSCH allocation with larger than 136 PRBs is followed by another allocation that satisfies the max of 136 PRBs constraint. In such a case, while the second PDSCH is subject to Capability #2 processing time value for N1, the pipelining-based UE implementation would suffer an initial lag due to the processing efforts for the larger PDSCH assignment that would take the UE more time, in accordance to Capability #1 number.
Towards addressing such scenarios, an approach similar to that defined in LTE sTTI may be the most reasonable choice. Accordingly, the UE may be allowed to drop the processing of a number of PDSCHs that may be scheduled to follow Capability #1 such that they are scheduled within a window ‘W_N1’ before the start of a PDSCH that is scheduled to follow Capability #2. 
The window ‘W_N1’ can be defined in units of OFDM symbols as: W_N1 = {1, 2, …, N1_cap1 (=10)} where N1_cap1 corresponds to the N1 value defined for the given SCS value for Capability 1, with the exact value of W_N1 being indicated by the UE to the network as a UE capability.  Thus, following this, the UE may discard processing of an earlier PDSCH that may require 10 symbols (Capability 1) processing time in favor of processing of the PDSCH that satisfies the Capability #2 constraint.
Furthermore, considering potential differences in the additional margins provided for special cases (e.g., short PDSCH durations), an additional margin to the N1_cap1 value may need to be considered to cover the effective processing times following Capability #1 for 30 kHz SCS.
Proposal 2.3:
· For a UE indicating Capability #2 N1 value constrained to maximum PDSCH allocation of 136 PRBs, in case of dynamic switching between Capabilities #1 and #2, the UE may be allowed to drop the processing of a number of PDSCHs that may be scheduled to follow Capability #1 such that they are scheduled within a window ‘W_N1’ before the start of a PDSCH that is scheduled to follow Capability #2.
· The window W_N1 is defined as: W_N1 = {1, 2, …, N1_cap1 (=10)}, with the exact value of W_N1 indicated by the UE to the network as a UE capability.
· Additional margin to N1_cap1 considering special cases like short PDSCH durations with/without overlaps with scheduling PDCCH may be considered as well.

3. Provision of Rx-Tx switching time
At the RAN1 #93 meeting, the following was agreed
	· 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]



Following this, currently, in TS38.211, it is specified that the UE does not expect to be scheduled such as to switch from DL to UL in time shorter than the Rx2Tx time specified by RAN4. However, it appears that RAN4 specs 38.101 do not intend to specify the RAN4-agreed values. Accordingly, it is recommended that these values are captured in RAN1 specifications instead of referring to TS 38.101. 
Thus, we have the following text proposal for TS 38.211. 

Proposal 3.1:
· Adopt the following text proposal for TS 38.211, Section 4.3.2.
	[bookmark: _Toc516767240]-------------Start of changes for TS 38.211---------------
4.3.2	Slots







For subcarrier spacing configuration , slots are numbered  in increasing order within a subframe and  in increasing order within a frame. There are  consecutive OFDM symbols in a slot where  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot  in a subframe is aligned in time with the start of OFDM symbol  in the same subframe.
OFDM symbols in a slot can be classified as 'downlink', 'flexible', or 'uplink'. Signaling of slot formats is described in subclause 11.1 of [5, TS 38.213]. 
In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols.
In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols.
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by [TS 38.101]Table 4.3.2-3.
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
	

	

	

	


	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16




Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for extended cyclic prefix.
	

	

	

	


	2
	12
	40
	4




Table 4.3.2-3: Transition time .
	Transition time
	FR1
	FR2

	 (Unit: TC)
	25600
	13792



-------------End of changes for TS 38.211---------------



4. NR Peak Data Rate Capability Signaling
The DL and UL maximum data rate that is supported by the UE is calculated for each band or band combination and signaled as capability by the UE. The calculation of the DL and UL maximum data rate is described in [1] and is given as
	

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
[image: ] is the maximum number of layers

 is the maximum modulation order

is the scaling factor
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.

is signalled per band and per band per band combination

 is the numerology (as defined in TS 38.211 [6])



 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

is the overhead and takes the following values
[0.14], for frequency range FR1 for DL
[0.18], for frequency range FR2 for DL
[0.08], for frequency range FR1 for UL
[0.10], for frequency range FR2 for UL
NOTE:	Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.




4.1 Maximum TBS supported by the UE

From the description it is clear that the computed data rate by equation provided in TS38.306 is the maximum data rate supported by the UE. However, the problem is that the current description in TS38.214 and TS38.306 does not clearly describe how the maximum TBS that could be scheduled to the UE could be impacted by the signaled maxim data rate.
	From our understanding, the maximum data rate signaling is another form of the LTE UE category, where maximum TBS per TTI is provided for each UE category. Instead of having a UE category, UE would be able to signal the supported layers, modulation order, number of CC in CA, scaling factor, to indirectly indicate the maximum TBS that could be scheduled per TTI. To that effect, we believe clarification text in TS38.214 is needed to clarify how the maximum TBS is derived based on the signaled UE category.
	Given that the scaling factor is applied to per band and per band per band combination, the maximum TBS can be applied for group of CC within the band. More specifically, it should be that UE shall expect the summation of data rate configured by the gNB across all CC within a band should be smaller or equal to aggregate data rate for a band that is signaled by the UE, where the data rate configured by the gNB for a CC is computed by TBS/slot duration for given subcarrier spacing. Additionally, the calculation of the aggregate data rate should be defined such that different subcarrier spacing between CC could be factored into account.
[image: ]
Figure 1. Aggregated data rate for each band

Based on the discussion above, we propose to add the following text to TS38.214.
Proposal 4.1:
· Add the following text to TS38.214 section 5.1.3.2 and 6.1.4.2.
· 
UE is not expected to be configured with TBS of PDSCH/PUSCH that exceeds the maximum aggregate data rate of overlapping or partially overlapping PDSCH transmission of all configured cells within the a band, where the maximum aggregate data rate of all configured cells within a band is computed by the approximate date rate given by Subcluase 4.1.2 in [13, TS 38.306] and the data rate of PDSCH/PUSCH of a cell is given as .

4.2 Clarification to TS38.306
The TS38.306 capture the maximum data rate equations and parameters, which is a direct copy and paste of the description provided by RAN1. Although the specification is being maintained by RAN2, the relevant section was written purely based on RAN1 feedback. Currently, the description that RAN1 provided to RAN2, which is what is captured is missing many references and needs some clarifications. We also propose that RAN1 send an LS asking RAN2 to update the specification appropriately.
Additionally, the overhead parameters for the max data rate formula has been in brackets, i.e. working assumption, since December 2017. We believe we should confirm the working assumption and inform RAN2 to remove the brackets.

Proposal 4.2:
· Send an LS to RAN2 and ask RAN2 to adopt the following text proposal to TS38.306.

================ Start of Text Proposal for TS38.306 ================
[bookmark: _Toc517229482]4.1.2	Max data rate without ue-CategoryDL and ue-CategoryUL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

data rate (in Mbps) 
wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,

 is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and higher layer parameter maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH depending on transmission with codebook or non-codebook precoding.

 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL.

is the scaling factor given by higher layer parameter scalingFactor.
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.

is signalled per band and per band per band combination 

 is the numerology (as defined in TS 38.211 [6])



 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

is the overhead and takes the following values
[0.14], for frequency range FR1 for DL
[0.18], for frequency range FR2 for DL
[0.08], for frequency range FR1 for UL
[0.10], for frequency range FR2 for UL
NOTE:	Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

Data rate (in Mbps) =  
wherein
J is the number of aggregated EUTRA component carriers in MR-DC band combination

is the total maximum number of DL-SCH transport block bits received within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the j-th carrier.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For MR-DC, the approximate maximum data rate is computed as the sum of the approximate maximum data rates from NR and EUTRA.
================ End of Text Proposal for TS38.306 ================


5. LBRM and NR Peak Data Rate
The main motivation for scaling factor to adjust the peak data rate the UE can support as part of the capability is to allow for the UE correct reflect the supported peak data rate when there is some disparity in RF capability and baseband capability. In some configuration scenario (such as EN-DC operations), the baseband operations becomes a bottleneck in processing data. Processing data composes of two main aspects, decoder output throughput, and memory load/save operations. The scaling factor applied to the approximate data rate given by TS38.306 allows the UE to correctly capture the decoder output throughput aspects of the baseband processing. Additionally, how quickly the UE is able to perform memory load/save operations is determined by the soft buffer size maintained by the UE. Although, NR specification does not specify the soft buffer size that needs to be maintained by the UE, it provide rough guidelines for the implementation by defining LBRM sizes for transmission and reception. 
In order to correctly reflect peak data rate the UE can support, we need to clarify that the scaling factor is applied the LBRM sizes such that UE is processing matching decoder output throughput and softbuffer memory size. Currently, the specification is bit ambiguous on whether the scaling factor effects the LBRM sizes. Our understanding is that this should be the case.
Based on discussion above, we propose the following text changes to TS38.212 section 5.4.2.1.
Proposal 5.1:
· Adopt the following text change to TS38.212 section 5.4.2.1
· 






For the -th code block, let  if  and  otherwise, where, ,  is determined according to Subclause 6.1.4.2 in [6, TS 38.214] for UL-SCH and Subclause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH and subject to TBS limitations determined by approximate data rate given by Subclause 4.1.2 in [XX, TS38.306], assuming the following:


6. Conclusions
In this contribution, we discussed certain remaining aspects on scheduling and HARQ and some clarifications to limitation on TBS based on the reported the NR peak data rate.

Proposal 2.1:
· Limit Capability #2 to single-CC operation
· If support of Capability #2 in CA configuration is essential, under assumption of self-carrier scheduling, the gNB configures the UE with a particular CC to which Capability #2 may apply. 
Proposal 2.2:
· For the case of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH, the N1 processing time is increased by ‘d =3’ symbols relative to the case of PDSCH with 7 symbols.
Proposal 2.3:
· For a UE indicating Capability #2 N1 value constrained to maximum PDSCH allocation of 136 PRBs, in case of dynamic switching between Capabilities #1 and #2, the UE may be allowed to drop the processing of a number of PDSCHs that may be scheduled to follow Capability #1 such that they are scheduled within a window ‘W_N1’ before the start of a PDSCH that is scheduled to follow Capability #2.
· The window W_N1 is defined as: W_N1 = {1, 2, …, N1_cap1 (=10)}, with the exact value of W_N1 indicated by the UE to the network as a UE capability.
· Additional margin to N1_cap1 considering special cases like short PDSCH durations with/without overlaps with scheduling PDCCH may be considered as well.
Proposal 3.1:
· Adopt the following text proposal for TS 38.211, Section 4.3.2.
	-------------Start of changes for TS 38.211---------------
4.3.2	Slots







For subcarrier spacing configuration , slots are numbered  in increasing order within a subframe and  in increasing order within a frame. There are  consecutive OFDM symbols in a slot where  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot  in a subframe is aligned in time with the start of OFDM symbol  in the same subframe.
OFDM symbols in a slot can be classified as 'downlink', 'flexible', or 'uplink'. Signaling of slot formats is described in subclause 11.1 of [5, TS 38.213]. 
In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols.
In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols.
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by [TS 38.101]Table 4.3.2-3.
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
	

	

	

	


	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16




Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for extended cyclic prefix.
	

	

	

	


	2
	12
	40
	4




Table 4.3.2-3: Transition time .
	Transition time
	FR1
	FR2

	 (Unit: TC)
	25600
	13792



-------------End of changes for TS 38.211---------------


Proposal 4.1:
· Add the following text to TS38.214 section 5.1.3.2 and 6.1.4.2.
· 
UE is not expected to be configured with TBS of PDSCH/PUSCH that exceeds the maximum aggregate data rate of overlapping or partially overlapping PDSCH transmission of all configured cells within the a band, where the maximum aggregate data rate of all configured cells within a band is computed by the approximate date rate given by Subcluase 4.1.2 in [13, TS 38.306] and the data rate of PDSCH/PUSCH of a cell is given as .
Proposal 4.2:
· Send an LS to RAN2 and ask RAN2 to adopt the following text proposal to TS38.306.

================ Start of Text Proposal for TS38.306 ================
4.1.2	Max data rate without ue-CategoryDL and ue-CategoryUL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

data rate (in Mbps) 
wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,

 is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and higher layer parameter maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH depending on transmission with codebook or non-codebook precoding.

 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL.

is the scaling factor given by higher layer parameter scalingFactor.
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.

is signalled per band and per band per band combination 

 is the numerology (as defined in TS 38.211 [6])



 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

is the overhead and takes the following values
[0.14], for frequency range FR1 for DL
[0.18], for frequency range FR2 for DL
[0.08], for frequency range FR1 for UL
[0.10], for frequency range FR2 for UL
NOTE:	Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

Data rate (in Mbps) =  
wherein
J is the number of aggregated EUTRA component carriers in MR-DC band combination

is the total maximum number of DL-SCH transport block bits received within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the j-th carrier.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For MR-DC, the approximate maximum data rate is computed as the sum of the approximate maximum data rates from NR and EUTRA.
================ End of Text Proposal for TS38.306 ================
[bookmark: _GoBack]Proposal 5.1:
· Adopt the following text change to TS38.212 section 5.4.2.1
· 






For the -th code block, let  if  and  otherwise, where, ,  is determined according to Subclause 6.1.4.2 in [6, TS 38.214] for UL-SCH and Subclause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH and subject to TBS limitations determined by approximate data rate given by Subclause 4.1.2 in [XX, TS38.306], assuming the following:

Reference
[1] TS38.306, “3GPP TSG RAN NR User Equipment (UE) Radio Access Capabilities”
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