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1   Introduction
In RAN2#97bis meeting, the following agreements were achieved regarding to BSR[1]:

	Agreements on SR/BRS

-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed


In previous meetings, most issues related to BSR have been thoroughly discussed and many agreements have been reached. However there are still some issues not discussed and one of them is buffer size table design. In this contribution, the design principle of BS table will be analysed. 
2   Discussion 
2.2   BS table in LTE
In LTE, there are two BS tables separately introduced in Rel-8 and Rel-10. For both tables, the basic design method is based on the following formula which has been applied since UMTS:
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where p = (Bmax / Bmin) 1 / (N-1) – 1 which indicates the relative step size between different BS levels.  Bmax denotes the maximum buffer size, Bmin denotes the minimum buffer size and  N is the total number of steps. 
After every parameter in the formula is identified, the BS table can be settled with exponentially distributed granularity.

For Rel-8/9, the maximum buffer size Bmax is defined by the maximum UL transport block size of 75376 bits and a response time of 2 RTTs (8 ms RTT). 

Bmax = (75376 ( 16) / 8 ≈ 150 Kbytes

In Rel-10, the extended table was designed due to the larger data rate brought by CA and MIMO. With 4 layers UL MIMO and 5 UL CC assumed, the maximum buffer size level is calculated as :

Bmax = (75376 (  16 ( 4 ( 5) / 8 ≈ 3000 Kbytes.

For both tables, the number of buffer size levels is 26 = 64 and the minimum buffer size Bmin is 10 bytes. 
For design of BS table in NR, the legacy principle (e.g. exponentially distributed BS levels) can be largely reused, but values of the parameters (i.e. Bmax, Bmin and  N)  need further discussion based on NR characteristic.
Proposal 1: The principle of exponentially distributed BS levels based on parameters Bmax (the maximum BS size), Bmin (the minimum BS size) and  N (the number of BS levels) can be reused for design of NR BS tables. 
2.3   BS table in NR

In NR, various traffic types will certainly bring much larger data rate and larger TB size may be supported in NR, both resulting in larger maximum buffer size. In LTE, there are two BS tables and the UE can be configured to apply one of them. The difference between the two tables lies in different maximum BS size Bmax and different granularities accordingly. Before the discussion on the parameters, we should first discuss whether to specify multiple BS tables in Rel-15 NR. There are two options can be considered:
Option 1: Design two BS tables with different Bmax in NR  and the UE can be configured to use one of them.
Option 2: Only one BS table in NR.

Option 2 is simple. However,  for UEs not supporting MIMO/CA or those that do not have high data rate services, option 2 may result in BSR with too large granularity. Consequently, the gNB is not able to acquire the accurate BS information, so that resources may be wasted. As for option 1, the gNB can configure one of the BS tables to the UE according to the UE capability and data rate requirement. It will bring the gain that more accurate BS information can be achieved. Therefore, we prefer option 1.
Proposal 2: Two BS tables are designed in NR and the UE can be configured with one of them.

After the principle is settled, the method in LTE can be reused to design the BS tables in NR. According to the formula, there are mainly three parameters to be decided: the minimum BS size (Bmin), the maximum BS size (Bmax), and the number of steps (N). For different BS tables, different values for Bmax should be given based on the maximum number of MIMO layers (Nmimo) and the maximum number of aggregated carriers (Ncarriers). 
2.3.1   Minimum buffer size Bmin
In LTE, the size of the smallest packet is used as the starting point in the exponentially distribution, i.e. Bmin. It is reasonable as the size of the smallest packet should be minimum BS value the UE will report. In LTE/UMTS, the smallest packet size is considered to be 10 bytes corresponding to a VoIP SID packet with AMR SID header and compressed UDP/IP header. Similarly, VoIP will continue to be an important traffic in NR, so Bmin can also be set to 10 bytes. As in LTE, the first BS level corresponds to the empty buffer, which is zero.
Proposal 3: In NR BS table, the minimum non-zero buffer size Bmin is 10 bytes.
2.3.2   Maximum buffer size Bmax
In NR, similar to LTE, the maximum buffer size Bmax can be determined according to the following formula: 
Bmax = TBmax( T
wherein TBmax is the maximum transport block size and T has the similar meaning as the “response time” in LTE. These two parameters will be discussed in the following in details. In principle, Bmax means the maximum amount of data that can be transmitted during the period of T.
For TBmax, in Rel-14, the maximum scheduled transport block size is 105528 bits which is already larger than the one used for table design in Rel-10. Currently RAN1 is discussing the design principle for TB size in NR and the maximum TB size has not been decided yet. But the basic assumption is that the maximum TB size will be larger than LTE as the bandwidth is much wider in NR. Therefore, more RAN1 inputs are expected to determine the exact value of Bmax.
For T, it is 2 RTTs (i.e. 16 TTIs) used  in LTE, including transmission, processing as well as scheduling delay. However this parameter may need reconsideration in NR. In principle, Bmax means the maximum amount of data that can be scheduled before the gNB can get a new BSR, by assuming the UE is scheduled with the maximum TB size TBmax in each TTI. In other words, even if the UE reports larger BS value than Bmax, the gNB will not be able to allocate more resources than Bmax before receiving the a new BSR. Therefore, it is more suitable to define T as the interval between the transmission occasions of two consecutive BSRs. According the BSR procedure, the two consecutive BSRs could refer to the first regular BSR with Bmax and the subsequent periodic BSR. Therefore, the T is largely related to the periodicity of periodic BSR and RTT. 
To be clearer, the two cases for T are illustrated in Fig. 1 and Fig. 2. 
In Fig. 1, if the periodicity of the periodicBSR timer is shorter than 1 RTT (e.g. 5ms < 1 RTT=8ms), the earliest time when the gNB can perform UL scheduling based on the first BSR1 is at T2. The earliest time when the periodic BSR2 can be sent is T3, and the earliest time when the gNB can perform UL scheduling based on BSR2 is at T4. Thus the maximum buffer size reported in BSR1 only needs to be the maximum data volume the gNB can schedule between T2 and T4, which is one RTT. Any more data volume can just be reported in BSR2 and the gNB can further schedule UL grants from T4 based on BSR 2. Therefore, in case the periodicity of the periodic BSR is shorter than one RTT, the value T can set to one RTT for calculation of Bmax. 
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Fig. 1 Illustration of parameter T (periodicity of periodicBSR timer is shorter than 1 RTT)
In Fig. 2, it assumes that the periodicity of the periodic BSRs is longer than RTT (e.g. 10ms > 1 RTT=8ms). Same as Fig.1, the earliest time when the gNB can perform UL scheduling based on the first BSR1 is at T2. The earliest time when the UE can transmit UL data based on BSR1 is at T3, but the earliest time when the periodic BSR2 can be sent is at T4 as no periodic BSR was triggered before T3. Consequently, the earliest time when the gNB can perform UL scheduling based on BSR2 is at T5. Similar to the analysis above, the maximum buffer size reported in BSR1 only needs to reflect the maximum data volume the gNB can schedule between T2 and T5, which is actually the periodicity of the periodic BSR timer. Any more volume data can just be reported in BSR2 and the gNB can further schedule UL grants from T5 based on BSR 2.  Therefore, in case the periodicity of the periodic BSR is longer than one RTT, the value T can set to the periodicity of the periodic BSR timer for calculation of Bmax.
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Fig. 2 Illustration of parameter T (periodicity of periodicBSR timer is longer than RTT)
Based on the above discussion, there can be two cases for T:
Case 1: When the periodicity of the periodic BSR is no longer than one RTT, T equals the RTT.

Case 2: When the periodicity of the periodic BSR is longer than the RTT, T equals the periodicity.
In TS36.331, it is specified that:
PeriodicBSR-Timer-r12 ::=
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infinity, spare1}
It can be seen the periodicity varies from 5ms to infinity. This can bring much complexity to Case 2. However, regarding to the situation we discuss in this paper, i.e. there is more data volume than Bmax, gNB is not supposed to configure a longer periodicity for periodicBSR than one RTT. Therefore, we can only focus on Case 1, i.e. T equals to the RTT. 
In NR, as asynchronous HARQ process is used, the RTT is not a fixed value. However, as in this calculation we consider the saturated case, we can assume that the gNB schedules uplink transmission based on the longest RTT.
On the other hand, the RTT and the maximum TB size have to do with the TTI length as well. However, for Bmax, the calculation can be based on eMBB services, as eMBB services require high data rates. For scheduling eMBB data, the long TTI length can be considered. Therefore, the calculation of Bmax can be based on the longest TTI length. It is the worst case that UE has to report more buffer than in shorter TTI length. And when designing the Bmax of the table, we should consider the worst case.
Proposal 4: The maximum buffer size Bmax is calculated by Bmax = TBmax( T( Nmimo( Ncarriers, where T is the longest RTT for the longest TTI, TBmax is the maximum TB size scheduled for the longest TTI, Nmimo is the number of MIMO layers and Ncarriers is the number of UL carriers.
RAN1 should provide information about the length of RTT for the longest TTI length. The maximum TB size is related to TTI length. In order to design different BS tables for different UE capabilities, RAN2 should request some inputs from RAN1 on possible values of the maximum TB size, the maximum MIMO layers and the maximum UL carrier number. 
Proposal 5: Send an LS to RAN1 to ask for the following information: the longest RTT for the longest TTI, the value of the maximum TB size for the longest TTI, the maximum number of  MIMO layers, and the maximum number of UL carriers for a UE. 
2.3.3   The number of buffer size levels N
For the number of buffer size level N, there have been contributions proposing to extend BS field size to 8bits to support finer BSR granularities [2]. As the Bmax is very likely to be much larger than in LTE, the step granularity will become larger if the number of BS levels stays the same. This will make the BSR less accurate and cause trouble for resource scheduling. Therefore N is better to be extended to a larger number, e.g. 28 = 256. 
Proposal 6: The number of BS levels N in NR BS table is 256.
After the settlement of these three parameters, i.e. the minimum BS size (Bmin), the maximum BS size (Bmax), and the number of steps (N), the BS table will be settled accordingly.
3   Conclusion

By discussing the reliability enhancement for MAC CE we have the following observation:

Proposal 1: The principle of exponentially distributed BS levels based on parameters Bmax (the maximum BS size), Bmin (the minimum BS size) and  N (the number of BS levels) can be reused for design of NR BS tables.. 
Proposal 2: Two BS tables are designed in NR and the UE can be configured with one of them.

Proposal 3: In NR BS table, the minimum non-zero buffer size Bmin is 10 bytes.
Proposal 4: The maximum buffer size Bmax is calculated by Bmax = TBmax( T( Nmimo( Ncarriers, where T is the longest RTT for the longest TTI, TBmax is the maximum TB size scheduled for the longest TTI, Nmimo is the number of MIMO layers and Ncarriers is the number of UL carriers.

Proposal 5: Send an LS to RAN1 to ask for the following information: the longest RTT for the longest TTI, the value of the maximum TB size for the longest TTI, the maximum number of  MIMO layers, and the maximum number of UL carriers for a UE. 
Proposal 6: The number of BS levels N in NR BS table is 256.
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