3GPP TSG-RAN WG4 Meeting #86	R4-1802860
Athens, Greece, February 26-March 2, 2018

Agenda Item:	7.9.13.1
Source:	Huawei, HiSilicon
Title:	Soft Buffer Dimensioning
Document for:	Approval

[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]Introduction
[bookmark: _Ref129681832]In the RAN1#AH-1801 meeting, RAN1 sent an LS to RAN4 indicating the following agreement [1]
Details of soft buffer dimensioning are up to UE implementation
and then asked RAN4
to define suitable test cases
Other working groups are examining soft buffering and throughputs. For example, an email discussion regarding L2 buffering in RAN2 is examining issues such as HARQ round trip times, processing delays, and TDD/FDD configurations [7]. This document discusses the issues for soft buffer management and proposes test guidelines for soft buffering on the downlink. A companion document in RAN1 discusses soft buffering [8].
Discussion
Soft buffering touches many aspects of system design including maximum physical layer data rate, memory and requirements. 
Background in LTE
In section 5.1.4.1.2 of 36.212 [3], for several UE configurations / categories, limited buffer rate matching (LBRM) is determined according to number of carriers, MIMO scheme, number of code blocks and number of HARQ processes. 
In section 7.1.8 of 36.213 [4], soft buffer storage is specified as a function of the number of carriers, total soft buffer size, number of code blocks, MIMO scheme, and number of HARQ processes. Effectively, the formula first divides the soft buffer equally among the number of configured cells. After which, the buffer for a given cell is divided by the number of code blocks, the number of HARQ processes, and MIMO layers. There is a priority to store bit with the lowest bit index, with the lowest index corresponding to systematic bits of the turbo encoder output. 
In 36.101, several tests were defined for soft buffer management [5]. Table 1 summarizes the tests.
[bookmark: _Ref505691537]Table 1. Tests for soft buffer in 36.101
	Section
	Condition
	CA

	8.2.1.3.1A
	Open-loop spatial multiplexing (2 Tx antenna ports)
	None (FDD only)

	8.2.2.3.1A
	Open-loop spatial multiplexing (2 Tx antenna ports)
	None (TDD only)

	8.2.3.2.1A
	Open-loop spatial multiplexing (2 Tx antenna ports) 
	FDD PCell

	8.2.3.2.2A
	Open-loop spatial multiplexing (2 Tx antenna ports) 
	TDD PCell

	14.7
	V2X sidelink
	N/A



To goal of the test is “verify the UE performance with proper instantaneous buffer implementation” [5]. For example, with CA, the test considers UE category, several bandwidth combinations, propagation conditions, antenna correlation matrices, and fraction of maximum throughput
RAN1 agreements in NR
The following sections recite several agreements on HARQ processes, CA, and soft buffering made in RAN1. With the agreement in RAN1#90b,
Dynamic sharing of soft buffer is possible for DL reception by UE implementation
how a UE manages its soft buffer is implementation-specific. This is unlike LTE, where there was an emphasis to store soft values corresponding to systematic bits. In addition, because soft values corresponding to parity bits have equal value, there are no restrictions on what is stored. However in NR, for LPDC codes, certain parity check bits may be more “valuable” and should be stored. 
To examine soft buffering, we first discuss what can be stored and then how storage is needed. There are no behaviors governing on what should be stored.
Storage needs per HARQ process
It is possible to estimate the number of “unique” payload bits that are transmitted in each HARQ process. This will provide some guidelines for testing.
Number of encoded bits
For a downlink HARQ process, a transport block is divided into C code blocks. Each code block is encoded to an N-bit sequence. LBRM is applied when the length of the encoded sequence exceeds the size of the rate matching buffer. The size of the rate matching buffer is based on the largest possible payload (highest modulation order, largest number of layers, least overhead, and largest number of PRBs) using a coding rate of 0.93 (i.e., the encoded payload is primarily systematic bits). The number of code blocks for this payload is then computed. The size of the rate matching buffer is the number of payload bits in a code block encoded by rate 2/3 code. This buffer size is UE-specific. While the exact size of the rate matching buffer can be computed, an estimate is 12600 = (8424 / (2/3)). [Note for LTE, the maximum size of turbo encoder buffer is 18528 prior to rate matching].
Qualitatively, with LDPC base graph 1, a transport block is segmented into code blocks of length 8424 (excluding the code block CRC). If the coding rate is greater than 2/3, no LBRM is applied. Between rates ¼ and 2/3, LBRM is applied. For this range, a UE essentially receives at most ~12600 unique encoded bits per code block. 
Observation 1: With LBRM and LDPC base graph 1, the maximum number of unique encoded bits per code block is the code block size (8448) divided by a rate 2/3 code.
Note that LBRM only indicates what can be stored, not what should be stored. 
For UEs who have not provided capability information (e.g. those in RRC-Idle state), the question is how to determine the LBRM buffer size. One approach described in [8] is to provide a maximum size for such messages (paging, SI) in order to determine TBS_LBRM.
Maximize the number of code blocks (transport block size (TBS))
The previous section highlighted the amount of unique encoded bits is proportional to the number of code blocks. Assuming a simple rule of transport block size equals the product of 8424 and the number of code blocks, to maximize the TBS, the largest number of PRBs, lowest overhead (DMRS, PDCCH), largest number of layers, and highest modulation order are needed. Note there is a RAN1#AH-1801 that is relevant to the discussion.
Prior to RRC configuration, TBS_LBRM should be derived based on reference value for maximum number of layers and for maximum modulation order.
Reference values should be specified for Rel-15 at least for downlink
The number of PRBs used for transmission is bounded by the maximum number of PRBs in the active BWP. The largest number of PRBs occurs when the bandwidth of active BWP is maximum UE DL bandwidth in the cell. For example, a UE capable of supporting 50 MHz DL carriers can be configured with a 15 kHz subcarrier spacing (SCS) and 270 PRBs. The example extends to other numerologies such as 30 and 60 kHz SCS). Table 5.3.2-1 in 38.104 [6] provides the number of PRBs per bandwidth per numerology. 
Observation 2: The largest number of allowable PRBs in the DL cell bandwidth should be used to determine the TBS for testing soft buffering.
For the reference transport block size, minimal overhead of 12 REs per RB is used. A reasonable overhead of 18 or 24 REs should be used for PDCCH and CSI-RS. Thus it is possible to determine how much should can be stored.
HARQ process and storage needs per cell
The amount of soft buffering is also a function of the HARQ process and processing time (duration of a slot). With certain numerologies, a UE may not be able to support certain transport block sizes if the processing time is insufficient for that size (i.e., more than 1 slot).
Number of HARQ processes
From the chairman notes of RAN1#91 regarding the number of HARQ processes
The maximum number of DL HARQ processes per carrier that can be signalled in DCI is 16. 
The maximum number of UL HARQ processes per carrier that can be signalled in DCI is 16.
From the chairman notes of RAN1#AH-1801, other agreements are
The number of HARQ processes configurable in RRC for unicast PDSCH per cell for a UE includes the set of integers {2,4, 6, 8,10,12,16}
4-bits are provided in fallback and non-fallback DCI for addressing the HARQ process regardless of configuration
UE does not expect DCI to address process ID larger than number of HARQ processes configured in RRC
Further discussion offline on the number of HARQ processes assumed by the UE before RRC configuration
FFS the number of HARQ processes for PUSCH is fixed at 16
Based on the agreements, the largest number of allowable HARQ processes is 16.
Observation 3: The largest number of allowable HARQ processes (16) should be used for testing
Effect of code block groups
With code block groups, a limited amount of soft values can be stored (soft values corresponding to the code blocks within a code block group in error only could be stored). To ensure maximum storage, code block groups (signaling) should be disabled.
Carrier aggregation / dual connectivity
In LTE, the soft buffer was divided equally across configured cells, even if the cells had different bandwidths. For NR, a similar rule should be used for the easy of testing; the soft buffer capacity should be divided equally across all configured cells.
Testing configuration
Based on the previous discussions, the following table summarizes the UE configuration for testing as a baseline.
Table 2. Proposed values
	Item
	Symbol
	Value

	Modulation order
	
	Reference value for maximum modulation order (6, 8)

	Number of layers
	
	Reference value for maximum number of layers

	NPRB
	
	Maximum number of PRBs within the configured cell among all numerologies supported by the band (FR1, FR2)

	Number of HARQ processes
	
	16

	Code block group
	
	Off

	Number of cells
	
	Maximum number of configured cells

	Number of codewords
	
	Maximum number of codewords in a transmission (1, 2) [can be related to the number of layers]

	Soft buffer size
	
	UE parameter

	Code Rate
	R
	2/3

	Numerology
	µ
	To determine processing time, if necessary

	Overhead
	
	Amount of overhead in PRB

	Combining
	
	Incremental redundancy (code combining). Code combining will shift the SNR.



With these parameters, the amount of storage per HARQ process can be computed, assuming equal storage per HARQ process and per cell. 
,
while the size per TTI is
.
However, the average size does not provide a testing procedure. Note that the storage calculation may be different than what is stored as described in section 2.3.2.
Since soft buffer management is an UE implementation, the test should be simple for exercising storage. Among the factors to consider are the operating point (e.g. SNR, SINR) for a target initial block error rate using the parameters above. Equivalently, a target throughput can also be used. Note that LBRM will affect the operating point.
For instance, if a UE can support an x throughput, then under test conditions, the UE should be able to support fx throughput with 0<f<1 at a given SNR. For a 50% throughput reduction, the first transmission should fail but with code combining (incremental redundancy) the first re-transmission should be successful.
Note that RAN1 has discussed this topic [9]. Since there was an FFS regarding throughputs and conditions, RAN1 should provide the reference values.
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
Proposal 1: A test transparent of UE implementation should target a particular throughput at certain SNR values. RAN1 should provide reference values for the values of throughput and operating point.
RAN4 should inform RAN1 of this procedure so that further evaluations and operating points can be determined.
Conclusions
This contribution provided a guidelines for a testing procedure to evaluate soft buffer management. First some observations about the parameters for testing are described.
Observation 1: With LBRM and LDPC base graph 1, the maximum number of unique encoded bits per code block is the code block size (8448) divided by a rate 2/3 code.
Observation 2: The largest number of allowable PRBs in the DL cell bandwidth should be used to determine the TBS for testing soft buffering.
Observation 3: The largest number of allowable HARQ processes (16) should be used for testing
Coupled with the table for additional configuration, a testing guideline is proposed and a companion draft LS is provided [10].
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: A test transparent of UE implementation should target a particular throughput at certain SNR values. RAN1 should provide reference values for the values of throughput and operating point.
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