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Introduction
In RAN1 #90bis and the subsequent email discussion [90b-NR-35], the following agreements on the transmit buffer and soft buffer size were reached:
	Agreements:
· 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 = 2/3 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
· For uplink, 
· Full buffer rate-matching is supported 
· Limited buffer rate-matching is also supported via RRC configuration and, when configured, is applied to all HARQ processes 
· NR limits UL transmit buffer corresponding to a largest UL TBS coded at rate RLBRM,UL
· RLBRM, UL = 2/3. 
· Details FFS 




In this contribution, we discuss further design details on transmit and decode buffers as well as soft buffer sizes for single carrier and carrier aggregation cases.
Transmit and Decode Buffers
Max TBS Calculation for DL and UL LBRM
The max TBS can be calculated via a formula for the purpose of LBRM. There is no fundamental difference for UL and DL LBRM operation, hence the same formula can be used for UL and DL. The max TBS (in bits) can be derived by: 

Taking into account that RLBRM = 2/3 for both UL and DL, the transmit and decode buffer size is 
 (bits).

where
·  is the maximum number of resource elements that can be allocated to carry a TB.
· , where  is the maximum (or close to maximum) number of OFDM symbols occupied, and  is the maximum number of PRBs allocable.
· Maximum number of MIMO layers for a TB, 
·  if the 64-QAM MCS table is configurated,  if the 256-QAM MCS table is configurated.
· , as in LTE, is assumed here since the maximum code rate to use in the NR MCS table has not yet been agreed.
The buffer size calculated above corresponds to the maximum buffer size when RLBRM = 2/3. This is always the case in DL, while full-buffer rate matching (FBRM) should be supported for UL. The maximum buffer size for full-buffer rate matching in UL depends on the base graph used, since the base graphs have different minimum code rate. If base graph #1 is used, i.e. the initial code rate is > 1/4 for long TBS, the minimum code rate is 1/3 and the buffer size is 
 (bits).
For initial code rate  1/4, base graph #2 with a minimum code rate of 1/5 should be used. This means that the buffer size for one TB is
 (bits).
The total buffer size is then further obtained by taking into account the maximum number of HARQ processes and the maximum number of configured component carriers.
For the purpose of RAN1 specification, , which corresponds to 275 * 12 = 3300 subcarriers. It is reasonable to assign  to account for overhead REs that cannot be used to carry data. Thus, when 64-QAM is the maximum QAM and RLBRM = 2/3,
 = 953184 (bits)
 = 1429776 (bits).

When 256-QAM is the maximum QAM, 
 =1270912 (bits)
 = 1906368 (bits).

Among the parameters that are used to derive the transmit buffer size, the following are configured via RRC:
·  according to the channel bandwidth and sub-carrier spacing (SCS).
·  according to MIMO configuration;
·  according to configuration of maximum modulation order;
It can be noted that none of these parameters must be additionally signaled to facilitate buffer size calculation, since the parameters are already configured through RRC for other reasons.
1. The maximum TBS used for LBRM buffer size calculation is based on: (a)  according to the channel bandwidth and sub-carrier spacing (SCS); (b)  according to MIMO configuration; and (c)  according to configuration of maximum modulation order.

CP-OFDM
In [2], the maximum PRB allocation for CP-OFDM is provided. The maximum TBS is calculated below for each combination of SCS and channel bandwidth, assuming   and .
Draft TR 38.817-01 V0.2.0, Table 4.5.1.1-1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135



Table 1. Maximum TBS (bits) for PDSCH and PUSCH with CP-OFDM, 64-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	86656
	180240
	273824
	367408
	460992
	748680
	935856
	N.A
	N.A
	N.A

	30
	38128
	83184
	131712
	176776
	225296
	367408
	460992
	561512
	752152
	946256

	60
	N.A
	38128
	62392
	83184
	107448
	176776
	225296
	273824
	370872
	467928




Table 2. Maximum TBS (bits) for PDSCH and PUSCH with CP-OFDM, 256-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	115536
	240320
	365096
	489880
	614656
	998248
	1247808
	N.A
	N.A
	N.A

	30
	50840
	110920
	175616
	235696
	300400
	489880
	614656
	748680
	1002864
	1261672

	60
	N.A
	50840
	83184
	110920
	143264
	235696
	300400
	365096
	494504
	623904




Table 3. Transmit buffer size (bits) for a TB for PDSCH and PUSCH with CP-OFDM, 64-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	129984
	270360
	410736
	551112
	691488
	1123024
	1403784
	N.A
	N.A
	N.A

	30
	57192
	124776
	197568
	265168
	337944
	551112
	691488
	842272
	1128232
	1419384

	60
	N.A
	57192
	93592
	124776
	161176
	265168
	337944
	410736
	556312
	701896



Table 4. Transmit buffer size (bits) for a TB for PDSCH and PUSCH with CP-OFDM, 256-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	173304
	360480
	547648
	734824
	921984
	1497376
	1871712
	N.A
	N.A
	N.A

	30
	76264
	166384
	263424
	353544
	450600
	734824
	921984
	1123024
	1504296
	1892512

	60
	N.A
	76264
	124776
	166384
	214896
	353544
	450600
	547648
	741760
	935856



DFT-s-OFDM
Draft TR 38.817-01 V0.2.0, Table 4.5.1.2-1: Range 1 NR UE maximum RB allocation for DFT-s-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135



Table 5. Maximum TBS (bits) for PUSCH for DFT-s-OFDM, 64-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	86656
	173304
	259960
	346616
	443664
	748680
	935856
	N.A
	N.A
	N.A

	30
	34664
	83184
	124784
	173304
	221832
	346616
	443664
	561512
	748680
	935856

	60
	N.A
	34664
	62392
	83184
	103984
	173304
	221832
	259960
	346616
	467928



Table 6. Maximum TBS (bits) for PUSCH for DFT-s-OFDM, 256-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	115536
	231072
	346616
	462152
	591552
	998248
	1247808
	N.A
	N.A
	N.A

	30
	46216
	110920
	166376
	231072
	295776
	462152
	591552
	748680
	998248
	1247808

	60
	N.A
	46216
	83184
	110920
	138648
	231072
	295776
	346616
	462152
	623904



Table 7. Transmit buffer size (bits) for a TB for PUSCH for DFT-s-OFDM, 64-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	129984
	259960
	389944
	519928
	665496
	1123024
	1403784
	N.A
	N.A
	N.A

	30
	52000
	124776
	187176
	259960
	332752
	519928
	665496
	842272
	1123024
	1403784

	60
	N.A
	52000
	93592
	124776
	155976
	259960
	332752
	389944
	519928
	701896



Table 8. Transmit buffer size (bits) for a TB for PUSCH for DFT-s-OFDM, 256-QAM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	173304
	346608
	519928
	693232
	887328
	1497376
	1871712
	N.A
	N.A
	N.A

	30
	69328
	166384
	249568
	346608
	443664
	693232
	887328
	1123024
	1497376
	1871712

	60
	N.A
	69328
	124776
	166384
	207976
	346608
	443664
	519928
	693232
	935856




RRC Configuration of UL LBRM
According to the agreement, limited buffer rate-matching for UL is supported via RRC configuration and, when configured, it is applied to all HARQ processes. If LBRM is not configured, FBRM is applied for UL, i.e. RLBRM,UL = 1/3 if base graph #1 is used. Before the RRC configuration is in place, FBRM can be assumed for PUSCH transmission. For example, for random access Message 3, which is transmitted before RRC configuration, FBRM is assumed.

We see two different options for RRC configuration of UL LBRM:

· Option A. UE-specific configuration
· Advantage of Option A is that gNB can choose to configure appropriate LBRM buffer size for UEs of different capability

· Option B. Cell-specific configuration
· An UL LBRM field is carried in OSI
· The same LBRM buffer size is applied to all UEs in the cell.

Option B in practice implies that LBRM is applied only to the most capable UEs that are able of transmitting with the maximum TBS. UE categories with a smaller maximum TBS are not affected by a cell-specific configuration of LBRM since they never use the TBS for which LBRM is applied. Option A on the other hand gives the possibility to configure appropriate LBRM for each UE, taking into account each UE’s capabilities.
UE-specific RRC configuration of UL LBRM allows the gNB to configure an appropriate LBRM buffer size for each UE depending on its capabilities.
Based on the above discussion and observation we have the following proposal:
The RRC configuration of UL LBRM is UE-specific.
Soft Buffer Sizes for Storing Soft Bits
The amount of soft buffer memory in the UE increases with increased roundtrip time assuming the UE should be capable of soft buffering all the transmissions. Although there is some relation to the number of hybrid-ARQ processes used, the amount of soft buffer memory could in principle be seen as a separate issue to discuss. Requiring the UE to support the highest possible data rate simultaneously with the maximum number of hybrid-ARQ processes may increase UE complexity and cost. For example, assuming a static split of the soft buffer memory across the hybrid-ARQ processes and operating at 10% initial BLER, it is not likely that all processes fail reception and needs to be soft buffered with full IR support.
Instead of a semi-static split of the soft buffer memory across all hybrid-ARQ processes it is proposed to leave some freedom to the UE on how to handle the soft buffer memory management. In principle, there may not be any need to inform the UE about the number of hybrid-ARQ processes used in the downlink although the UE memory management may benefit from having this information. Leaving some freedom to the UE would allow operation with a larger number of processes when motivated at the cost of reduced incremental redundancy (IR) gain, while the benefit from full IR gain can be utilized with a more aggressive retransmission timeline. One possibility could be to state the number of code blocks the UE can store.
The previous LTE scheme relies on the UE being able to store (at least part of) all code blocks in all HARQ processes assuming maximum code block size. In the vast majority of the operating conditions with a block error rate of 10-30%, the likelihood that all HARQ processes require retransmission is insignificant. Then most of the soft buffer will be unused. By switching to dynamic handling of the soft buffer, the total soft buffer size can be reduced.
Instead of defining a total soft buffer size and a fixed split across HARQ process, the UE is required to have a capacity of storing in the soft buffer a specified number of maximum size code blocks. The number of code blocks is set so that the UE can handle typical operation points. The behavior for the UE when running out of free soft buffer memory can be left for UE implementation.
· The UE partitions its soft buffer into a number of memory blocks corresponding to the number of maximum sized code blocks given by the specification, . Other reasonable partitioning is also possible. A finer granularity means that smaller code blocks takes less space and the risk of overflow is further reduced, but comes at the cost of higher complexity in the buffer handling. 
· The UE maintains a record of what code blocks in the buffer that are free and occupied and in the latter case which HARQ-process and component carrier the code block belongs to. This can be implemented with two tables. One table contains the occupied or available information of the code block buffers. The available code block buffers can be used to store the soft values of new code blocks that cannot be decoded successfully yet. One table maintains the addresses or indices of the code block buffers that are used to store the soft values of a given HARQ process.
· When a new TB arrives, the UE decodes the code blocks. If the decoding fails on at least one of the code blocks, the UE reserves memory for the code blocks that was not successfully decoded. Consequently, the code blocks that are successfully decoded are not stored in the soft buffer memory by the UE. 
· When a retransmission arrives, it soft combines the retransmission with the code blocks for that HARQ process. If the retransmission is successful, it clears the memory blocks. Potentially the UE could perform dual decoding of a code block and try to decode it without soft combining first and then try a second time to decode with soft combining if the first attempt failed. This is one way to handle data pre-emption by other transmissions.
Each UE category would have the number N for the number of code blocks it needs to store. Note that the number of code blocks are calculated based on the maximum code block size. The total number of code blocks stored could be defined for multiple carriers. An example based on LTE UE memory size is illustrated in the follow table:
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of code blocks stored

	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	14
	1

	Category 2
	51024
	51024
	67
	2

	Category 3
	102048
	75376
	67
	2

	Category 4
	150752
	75376
	100
	2

	Category 5
	299552
	149776
	200
	4



From the above discussion, it is clear that dynamic sharing of soft buffer amongst multiple carriers is beneficial to the UE operation as well as to network system performance. To encourage more advanced UEs implementing dynamic sharing, the requirement could be relaxed for dynamic split:
· For UEs with no dynamic sharing between carriers, the soft buffer is of size  code blocks per carrier.
· For UEs with dynamic sharing between carriers, the soft buffer is of size  where  is the number of supported carriers.
This basic framework can be easily extended to the case of LTE-NR dual connectivity with the exception that the largest code block sizes are different between LTE and NR. This can be handled in two ways.
In the first approach, a UE capable of connecting to one LTE and one NR carrier can, e.g., be defined to support 133+100 code blocks. That is, the UE can store up to 133 LTE largest code blocks (6144 information bits and up to 6144 coded bits each) and 100 NR largest code blocks (8448 information bits and up to 8448 coded bits each). This however may be interpreted as having two separate soft buffers for LTE and NR, respectively. Such static partition of soft buffer memory between LTE and NR carriers will decrease the effectiveness of dynamic pooling of the soft buffer.
In a second approach, a UE capable of connecting to one LTE and one NR carrier can still be defined to support 200 code blocks, where the code block size is according to NR (i.e., 8448 information bits and up to 8448/ coded bits each). When the UE is configured with LTE-NR dual connectivity, it can implement different sharing policies. In one approach, it can simply partition the memory of 100 NR largest code blocks into 133 LTE largest code blocks. This however, will prevent storing more than 100 NR largest code blocks temporarily and thus reduces gains of dynamic pooling. Another better but still easy approach is to start storing the NR code blocks and LTE code blocks from the two ends of the total memory buffer. This will allow the storage of either carrier to temporarily cross the mid-point of the total memory buffer.
Based on the above discussion, we propose that:
The soft buffer memory size does not have to be designed with simultaneous support of peak rate, full IR support, and the maximum number of HARQ processes in mind. 
The UE should be capable of soft buffering a certain number of code blocks (the number may depend on UE capabilities).
UE implementation is encouraged to incorporate dynamic sharing of soft buffer amongst multiple carriers.
· For UEs with no dynamic sharing between carriers, the soft buffer is of size  code blocks per carrier.
· For UEs with dynamic sharing between carriers, the soft buffer is of size  where  is the number of supported carriers.
[bookmark: _GoBack]LTE and NR carriers can share the soft buffer dynamically to increase effectiveness of the soft buffer memory.
A UE category for LTE-NR dual connectivity is no different than a UE category supporting the same total number of connected carriers.
Conclusion
In this contribution we made the following observation:
1. UE-specific RRC configuration of UL LBRM allows the gNB to configure an appropriate LBRM buffer size for each UE depending on its capabilities.
Based on analysis presented in this contribution, we have the following proposals:
1. The maximum TBS used for LBRM buffer size calculation is based on: (a)  according to the channel bandwidth and sub-carrier spacing (SCS); (b)  according to MIMO configuration; and (c)  according to configuration of maximum modulation order.
1. The RRC configuration of UL LBRM is UE-specific.
1. The soft buffer memory size does not have to be designed with simultaneous support of peak rate, full IR support, and the maximum number of HARQ processes in mind.
1. The UE should be capable of soft buffering a certain number of code blocks (the number may depend on UE capabilities.
1. UE implementation is encouraged to incorporate dynamic sharing of soft buffer amongst multiple carriers.
5. For UEs with no dynamic sharing between carriers, the soft buffer is of size  code blocks per carrier.
5. For UEs with dynamic sharing between carriers, the soft buffer is of size  where  is the number of supported carriers.
1. LTE and NR carriers can share the soft buffer dynamically to increase effectiveness of the soft buffer memory.
1. A UE category for LTE-NR dual connectivity is no different than a UE category supporting the same total number of connected carriers.
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