3GPP TSG-RAN WG1 Meeting #94b	R1-1812040
Chengdu, Oct 8-12 2018

Agenda Item:	7.1.3.3
Source:	Ericsson
Title:	Summary of Soft buffer and Peak rate
Document for:	Discussion and Decision
[bookmark: DocumentFor]Introduction
In this document, the following issues are addressed:
· Confirming WA on LBRM from RAN1#94 with update
· Confirming WA on Data Rate Sharing from RAN1#94 with update 
· Handling Processing Capability 2 and data rate
· Per-cell peak rate restriction for cap#2 and implicit MCS
· Clarification to Max Data Rate in TS38.306
Confirming WA on LBRM from RAN1#94 with update
In [3], it was mentioned that current WA does not address some cases where decoding throughput can significantly exceed the peak throughput and a TP was proposed to address such cases. Based on further offline discussion, following is a potential update that can address the issue to a large extent, while maintaining implementation simplicity by not requiring a sliding window which needs checking on a symbol-to-symbol basis. Also, it is clarified how  when more than one BWP corresponding to the largest configured number of PRBs.

Observation 1: Current WA does not address some cases where decoding throughput can significantly exceed the peak throughput. 

Proposal 1: Confirm the WA on LBRM from RAN1#94 with updates reflected in the below TP for Subclause 5.1.3 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 5.1.3 ================
[bookmark: _Hlk526988889]The UE is not expected to handle any transport blocks (TBs) in a 14 consecutive-symbol duration for normal CP (or 12 for extended CP) ending at the last symbol of the latest PDSCH transmission within an active BWP on a serving cell whenever
	
where, for the serving cell,
-	S is the set of TBs belonging to PDSCH(s) that are partially or fully contained in the consecutive-symbol duration
-	for the ith TB
[bookmark: _Hlk526988317][bookmark: _Hlk526988307]-	Ci' is the number of scheduled code blocks as defined in [5, 38.212].
-	 is the number of OFDM symbols assigned to the PDSCH 
-	 is the number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration.
-	 based on the values defined in Subclause 5.4.2.1 [5, TS 38.212]
-	 is the starting location of RV for the th transmission
-	of the scheduled code blocks for the  transmission
-	 is the circular buffer length 
-	 is the current (re)transmission for the ith TB 
-	 corresponds to the subcarrier spacing of the BWP (across all configured BWPs of a carrier) that has the largest configured number of PRBs
· In case there is more than one BWP corresponding to the largest configured number of PRBs,  follows the BWP with the largest subcarrier spacing.
-	 corresponds to the subcarrier spacing of the active BWP 
-	RLBRM = 2/3 as defined in Subclause 5.4.2.1 [5, TS 38.212].
-	TBSLBRM as defined in Subclause 5.4.2.1 [5, TS 38.212].

================ End of Text Proposal for TS38.214 Subclause 5.1.3 ================

UE Data Rate Aspects
Several contributions (R1-1810844, R1-1811236, R1-1811490) discussed the data rate calculation, including a few aspects raised
· Current WA can in some cases restrict many possible scheduling use cases cannot be supported [2,4]. E.g. PDSCH with max TBS and 14 symbol duration for initial transmission cannot be scheduled for retransmission with 13 symbols. Two different approaches to update the WA to address these cases are described in [2,4]. Either one could resolve the potential issue. 
· [3] discusses Capability#1 and #2 mixed operation and proposes to not allow data rate sharing if a carrier is capability#2

Following are some possible observations.
Observation 2: The WA on data rate and TBS from RAN1#94 can lead to reduced peak rate and retransmission flexibility.
Observation 3: For capability#2 support with CA case, applying the data rate sharing from WA from RAN1#94 can increase UE complexity due to requiring support of larger peak rate at advanced processing time.
Observation 4: Significant decoder overload can occur in certain scheduling cases, e.g. max TBS retransmitted on 2-symbols with implicit MCS signalling.
A possible update for the WA on data rate is to apply the condition by finding a per-slot average peak data rate, as described in [2]. For example, below figure shows the average is over yellow slot duration on each carrier at the time instant corresponding to red line. 
[image: ]
Figure 1. Figure illustrating the slots overlapping with a given point in time.
For the above picture, first an average data rate per slot is calculated for each carrier (taking all TBs in a slot into account), and then aggregated condition would be checked across all carriers, i.e.


Confirming WA on Data Rate Sharing from RAN1#94 with update 
Based on the discussions in the offline, a TP based on the principle in [2] is shown below.
Proposal 2: For PDSCH, agree to the following TP which updates the WA from RAN1#94 on data rate and TBS for Subclause 5.1.3 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 5.1.3 ================
Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

· where, 
· J is the number of configured serving cells belonging to a frequency range
· for the j-th serving cell,
· M is the number of TB(s) transmitted in slot-sj.
· Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
· for the m-th TB,
· 
· A is the number of bits in the transport block as defined in Subclause 7.2.1 [5,38.212] 
· C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212].
· is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5,38.212] 
·  [Mbps] is computed by the approximate data rate given by Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the J carriers, including the scaling factor f(i).

================ End of Text Proposal for TS38.214 Subclause 5.1.3 ================
Proposal 3: For PUSCH, agree to the following TP which updates the WA from RAN1#94 on data rate and TBS for Subclause 6.1.4 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 6.1.4 ================
Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

· where, 
· J is the number of configured serving cells belong to a frequency range
· for the j-th serving cell,
· M is the number of TB(s) transmitted in slot-sj.
· Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
· for the m-th TB,
· 
· A is the number of bits in the transport block as defined in Subclause 6.2.1 [5,38.212] 
· C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212].
· is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5,38.212] 
·  [Mbps] is computed by the approximate data rate given by Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the J carriers, including the scaling factor f(i).

================ End of Text Proposal for TS38.214 Subclause 6.1.4 ================
Handling Processing Capability 2 and data rate  
In [3], it was observed that in case a carrier supports capability 2 processing time, the data rate sharing can force a UE to support Processing capability 2 with a scheduled data rate larger than the per-cell data rate. A proposal was made in [3] to apply no data rate sharing in case of Processing capability 2. 
The following TP can address the issue by identifying a condition (based on configuration) that a UE can utilize to determine that it follows Processing Capability 2 for a serving cell and then UE applies no data rate sharing on that serving cell. 
Proposal 4: For PDSCH, following TP is adopted for handling data rate with Capability 2 processing for Subclause 5.1.3 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 5.1.3 ================
Additionally, for a serving cell, if the UE is capable of Capability 2 processing time according to Subclause 5.3, 
· the UE supports capability 2 processing time if  for any configured BWP
·  is the maximum configurable  for the UE from the band/band combination signaling for the serving cell as defined in Subclause 5.4.2.1
· f is the scaling factor in Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the serving cell

================ End of Text Proposal for TS38.214 Subclause 5.1.3 ================

Proposal 5: For PUSCH, following TP is adopted for handling data rate with Capability 2 processing for Subclause 6.1.4 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 6.1.4  ================
Additionally, for a serving cell, if the UE is capable of Capability 2 processing time according to Subclause 6.4, 
· the UE supports capability 2 processing time if  for any configured BWP
·  is the maximum configurable  for the UE from the band/band combination signaling for the serving cell as defined in Subclause 5.4.2.1
· f is the scaling factor in Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the serving cell

================ End of Text Proposal for TS38.214 Subclause 6.1.4 ================
Per-cell peak rate restriction for cap#2 and implicit MCS
There can be some scheduling cases where TB size, RB allocation and length of PDSCH are independent, which can lead to extreme load on decoder (e.g. a very large transport block retransmitted on 2 symbols). This can occur, when MCS29/30/21 is used with MCS index table 1 (and similar MCS(es) exist for MCS index tables 2 and 3. An example snapshot for MCS index1 table 1 for PDSCH is shown below. 
Table 1. Implicit MCS indices in the MCS index table 1 for PDSCH (from 38.214, Table 5.1.3.1-1)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	…..
	......
	....
	…

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



[image: ]
Figure 2. Illustration of a very large transport block retransmitted on 2 symbols
 Such scheduling cases can be avoided by applying per-cell peak rate restriction, which can also be used for capability#2.
Proposal 6: For PDSCH, adopt following TP to apply per-cell peak rate limit for processing capability 2 and implicit MCS for Subclause 5.1.3 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 5.1.3 ================
For a j-th serving cell, if the UE supports capability 2 processing time for the serving cell or if at least one IMCS > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and  W = 27 for MCS table 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the following condition is not satisfied:

where
· is the number of symbols assigned to the PDSCH
· M is the number of TB(s) in the PDSCH
·  where  is the numerology of the PDSCH 
· for the m-th TB,
· 
· A is the number of bits in the transport block as defined in Subclause 7.2.1 [5,38.212] 
· C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]
·  is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5,38.212] 
·  [Mbps] is computed by the approximate data rate given by Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the serving cell, including the scaling factor f(i).

================ End of Text Proposal for TS38.214 Subclause 5.1.3 ================

Proposal 7: For PUSCH, adopt following TP to apply per-cell peak rate limit for processing capability 2 and implicit MCS for Subclause 6.1.4 of 38.214.
================ Begin of Text Proposal for TS38.214 Subclause 6.1.4 ================
For a j-th serving cell, if the UE supports capability 2 processing time for the serving cell or if at least one IMCS > W for a PUSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

where
· is the number of symbols assigned to the PUSCH
· M is the number of TB in the PUSCH
·  where  is the numerology of the PUSCH 
· for the m-th TB,
· 
· A is the number of bits in the transport block as defined in Subclause 6.2.1 [5,38.212] 
· C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]
·  is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5,38.212] 
·  [Mbps] is computed by the approximate data rate given by Subclause 4.1.2 in [13, TS38.306] from the band/band combination signaling for the serving cell, including the scaling factor f(i).

================ End of Text Proposal for TS38.214 Subclause 5.1.3 ================
Clarification to Max Data Rate in TS38.306
[bookmark: _Hlk527041992]In [4], it was proposed to clarify the relationship between the variables utilized in the maximum data rate formula in 38.306 and corresponding RRC parameter. Two alternatives were proposed in [4]. It is proposed to adopt Alt 2 (with minor edits), which seems preferable.
Proposal 8: Agree on below TP to clarify Max Data Rate in Subclause 4.1.2 of 38.306. 
[bookmark: _GoBack]Proposal 9: Send LS to RAN2 on the TP to clarify Max Data Rate in Subclause 4.1.2 of 38.306.

================ - Text Proposal for TS38.306 ================
4.1.2	Supported max data rate
<omitted>
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 maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

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

is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.
f (j) is signalled per band and per band per band combination 

 is the numerology (as defined in TS 38.211 [6])
<omitted>
================ End of Text Proposal for TS38.306 ================
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