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1. Introduction
Soft combining is required to enable improved performance in case of HARQ retransmissions. In the previous meetings several companies suggested to define dedicated UE PDSCH performance requirements to ensure soft combining implementation. The associated requirements may have direct impact on the UE soft buffer implementation. In this contribution we address the question of NR soft buffer dimensioning from RAN4 perspective and share our views on the associated performance requirements.
2. Discussion
2.1 HARQ soft buffer dimensioning
UE soft bit HARQ buffer (soft buffer) is required to store the PDSCH soft bits, when the initial PDSCH transmission failed. It is expected that UE could save the soft bits corresponding only to the PDSCH code blocks, which could not be successfully decoded from an initial attempt. After the PDSCH TB/CB retransmission the respective soft bits are retrieved from the soft buffer and combined with the soft bits from the current PDSCH transmission. Therefore, soft buffer is required to facilitate HARQ operation and the actual soft buffer size has impact on the UEs ability to maintain continuous PDSCH reception with certain data rate with given number of HARQ processes and under assumption of presence of HARQ retransmissions.
Observation #1: Soft buffer is needed only when UE could not decode the initial PDSCH transmissions. UE can save the soft bits corresponding to the failed PDSCH CBs only. 
In LTE, the HARQ soft buffer size was defined as a part of UE category capability. The buffer size was chosen in a way to ensure that LTE UE has sufficient memory for peak data rate transmissions under assumption of multiple HARQ retransmissions taking into account LBRM (limited buffer rate matching). The typical soft buffer size was selected based on FDD 8 HARQ process assumption and 2/3 code rate for the maximum TBS. For TDD systems which can support larger number of HARQ processes it was assumed that same soft buffer size could be applied due to small probability of soft buffer blocking [2]. Same time, we note that for LTE RAN4 did not define any specific performance requirements to ensure that UE implements soft buffer size in DL in accordance to the target UE capability.
Observation #2: RAN4 did not define LTE performance requirements to verify DL soft buffer size for peak rate conditions.
NR UE soft buffer size was discussed in RAN1 WG for multiple meetings and the following agreements were reached:

	RAN1 #89
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y

· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account

· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

· FFS: down-selection of 8 or 16

· FFS: soft-buffer handling

· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing)

RAN1 #90bis

· For DL, limited buffer rate matching (LBRM) is supported and is applied per HARQ process.

· NR limits transmit buffer corresponding to a largest TBS coded at rate RLBRM.

· RLBRM =1/2 is supported. 

· Largest TBS for LBRM for DL should at least take into account UE capability

· Details FFS (e.g., based on UE signalling, gNB configuration w.r.t. highest mod order, etc.)

· Note: this does not prevent the possibility of defining a single largest TBS used for LBRM in Rel-15

· Dynamic sharing of soft buffer is possible for DL reception by UE implementation

· No spec impact

· For DL LBRM, RLBRM is changed from 1/2 to 2/3. 


The RAN1 discussion was concluded in the RAN1 AH 1801 meeting and summarized in the LS [1]:
	1. Overall Description:

RAN WG1 discussed soft-buffer dimensioning and reached the following agreement. 

· Details of soft buffer dimensioning are up to UE implementation. RAN1 recommends RAN4 to define suitable test cases.
2. Actions:

To RAN4.

ACTION: 
RAN WG1 asks RAN4 to take the above into account in their work.


In accordance to the RAN1 agreements “Details of soft buffer dimensioning are up to UE implementation” and it is expected that “Dynamic sharing of soft buffer is possible for DL reception by UE implementation”. The main reason not to define explicit soft buffer size in RAN1 was to avoid defining excessive soft buffer requirements. 

In general case, soft buffer size is tightly related with both supported peak data rate and the number of HARQ processes (and effectively with the supported RTT). For instance, the given soft buffer can be either allocated to serve peak data rates with small number of HARQ processes or medium data rates with larger number of HARQ processes. 
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Figure 1. Soft buffer allocation trade-offs

To ensure continuous peak data rate reception under the maximum number of HARQ processes assumption the soft buffer can be dimensioned as follows:

SBMax = NCC x NHARQ x SBprocess
SBprocess = TBSLBRM / RLBRM
NCC: Number of supported carriers

NHARQ: the maximum number of HARQ processes (16)

TBSLBRM: LBRM TBS as defined in the 38.212 Section 5.4.2.1 (derived under assumption of max number of PRBs, max number of layers, maximum modulation and maximum code rate)
RLBRM = 2/3 (LBRM code rate)

Same time, in case UE implements such maximum soft buffer size there will be high probability that it will be underutilized for the most part of time due to the following reasons:
· Probability of peak data rate transmission is quite low

· Probability that all CBs within and TB could not be decoded is quite low

· Probability that all HARQ processes for all supported carriers failed is negligible
For example, in Figure 2 we illustrate the estimated soft buffer utilization under the following assumptions:
1) UE receives peak data rate PDSCH on [1/2/4] component carriers

2) Number of configured HARQ processes per CC is 4, 8 or 16

3) Average PDSCH PER: 10% for initial transmission and 1% for all consecutive HARQ retransmissions
4) In case of failed PDSCH transmission UE saves full TB to the soft buffer (i.e. SBprocess soft bits are saved to the buffer) and UE flushes the soft buffer in case the PDSCH TB is successfully decoded after the retransmission (i.e. SBprocess soft bits are set free in the buffer).
In the figures below we illustrate the HARQ soft buffer occupancy statistics. In particular, we show the average probability that the number of simultaneously occupied soft buffer HARQ processes is larger than N. It may be observed that soft buffer utilization increases with the increase of the number HARQ processes (increased RTT) and also grows with the increase of the number simultaneously supported carriers. Same time, under typical conditions the soft buffer utilization is far below the maximum soft buffer size defined under assumption of maximum number of HARQ processes per CC (e.g. 16 processes for 1CC, 32 processes for 2CC, 64 processes for 4CCs). Therefore, it is observed that under practical conditions the most part of the soft buffer will be underutilized in case the buffer is implemented based on the peak TBS, HARQ retransmission support, and the maximum number of HARQ processes assumptions.
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Figure 2. HARQ soft buffer utilization
Observation #3 (soft buffer utilization): Under typical conditions the soft buffer utilization is far below the maximum soft buffer size defined under assumption of maximum number of HARQ processes per CC.
Proposal #1:
Do not introduce requirements to mandate soft buffer to be dimensioned based on simultaneous support of peak data rate, HARQ retransmissions and with the maximum number of HARQ processes.
2.2 HARQ soft-combining UE performance requirements
In RAN4 #86 it was suggested to define the soft buffer requirements under assumptions of peak TBS and maximum number of HARQ processes [3]. In the previous meeting it was also proposed to define the PDSCH demodulation requirements under assumption of 30% of max throughput test point and multiple HARQ processes to ensure proper soft combining implementation. In our view such approach for the soft buffer verification does not reflect the practical conditions:

· 30% max throughput test point: Under proposed conditions all initial PDSCH transmissions and 1st PDSCH retransmissions fail. Such scenario cannot happen under practical conditions since UE makes CQI reporting under 10% BLER target and in addition most gNB implementations support OLLA algorithms which ensure BLER convergence.  

· 16 HARQ processes: One of the key benefits of the NR technology is the support of reduced RTT and use of multiple HARQ processes under practical networks may be a not typical assumption.  

One of the main arguments to introduce the respective requirements was to ensure that UE correctly performs HARQ soft-combining. In the figures below we illustrate the simulation results for the PDSCH demodulation performance under assumption of enabled/disabled HARQ soft-combing for different MCS. It may be observed that the HARQ soft-combing gain increases with the increase of the code rate and also observed for different test points (see Table 1). In particular, we observe that at the 70% of max throughput test point the gains from using soft-combining exceed 1.5dB for all investigated scenarios. Therefore, regular PDSCH demodulation requirements already ensure correct implementation of the UE soft combining functionality.  So, we suggest not to define specific performance requirements for the soft combining verification and test the respective functionality as a part of regular PDSCH test cases.
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Figure 3. HARQ soft combining gain

Table 1. HARQ soft combining gain, [dB]

	            Max T-put
MCS
	90%
	80%
	70%
	60%
	50%
	40%
	30%
	20%

	MCS 4
	1.0
	1.4
	1.5
	1.6
	1.8
	2.0
	2.3
	2.7

	MCS 13
	1.6
	1.9
	2.5
	3.0
	4.0
	5.2
	6.0
	6.6

	MCS 24
	2.4
	2.8
	3.7
	3.9
	5.5
	9.4
	11.3
	12.2


Proposal #1:
Do not introduce requirements to mandate soft buffer to be dimensioned based on simultaneous support of peak data rate, HARQ retransmissions and with the maximum number of HARQ processes.
Proposal #2: 
Do not define specific NR requirements to test UE soft combining implementation. Test UE HARQ soft-combining as a part of regular PDSCH demodulation requirements.
3. Conclusion

In this contribution we provide views on the NR soft buffer dimensioning from RAN4 perspective and shared our views on the associated performance requirements. In summary, we make the following proposals:
Proposal #1:
Do not introduce requirements to mandate soft buffer to be dimensioned based on simultaneous support of peak data rate, HARQ retransmissions and with the maximum number of HARQ processes.
Proposal #2: 
Do not define specific NR requirements to test UE soft combining implementation. Test UE HARQ soft-combining as a part of regular PDSCH demodulation requirements.
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