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[bookmark: _Ref429645891]Introduction
In RAN2#97bis meeting [1], following agreement was made regarding BSR enhancement.
RAN2 Agreements on SR/BRS
-	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 the RAN2#98 meeting [2], following agreements were made.
Agreements
1. The number of LCGs will be increased up to 8.  
2. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 
3. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.
4. The logicalChannelSR-Mask is supported 
In this document, we discuss the need for a new BSR MAC CE format and a new BSR triggering mechanism for a LCH serving delay sensitive services such as URLLC.
[bookmark: Proposal_Pattern_Length]Discussion
[bookmark: _Toc478131478][bookmark: _Toc478158690][bookmark: _Toc478131479][bookmark: _Toc478158691]BSR contents
In LTE, there are four LCGs supported in BSR. There are two types of BSR formats short (or truncated) BSR and long BSR format. In short/truncated BSR format, there is buffer size field for only one LCG where as in long BSR format there are buffer size fields for all LCGs. Based on the 6 bits of buffer size field and 2 bits for LCG ID field, short BSR MAC CE occupies 1 byte where as long BSR MAC CE occupies 4 bytes. Note that there is no BSR format to report buffer status only from two or three LCGs.
In NR, it is agreed that eight LCGs are defined to report the finer granularity of the data priorities depending on the number of logical channels or types of services to be supported. Note that BSR may not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG. And it is up to the network to map a logical channel to a particular numerology/TTI length.
[bookmark: _Toc485111026][bookmark: _Toc485112794][bookmark: _Toc485204485][bookmark: _Toc485407350][bookmark: _Toc485410825]BSR does not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG. It is up to the network to map a logical channel to a particular numerology/TTI length and to a particular LCG.
[bookmark: _Toc485112623][bookmark: _Toc485204489][bookmark: _Toc485407353][bookmark: _Toc485407359][bookmark: _Toc485410829]BSR includes only LCG ID to imply the information of numerology/TTI.
BSR format
In NR, as the number of LCGs is increased to 8, the LCG ID requires 3 bits of field in the BSR format. This would require a change in BSR format. If we consider the LTE BSR format i.e. short and long BSR format, short BSR MAC CE would require 2 bytes due to byte alignment as given in table 1. The long BSR MAC CE would require 6 bytes considering 6 bits of buffer size field. Therefore, another dimension in enhancing the BSR format in NR is a variable size BSR format. With increased number of LCGs in order to be able to handle more services and feature such as PDCP duplication, the current approach of only short/truncated and long would imply extra overhead. For example, eMBB only service is still likely to be a very common case for which 3 or 4 LCGs may be sufficient. Variable BSR can report the buffer status of selective LCGs and it also reduces overhead when doing so. Therefore, following BSR formats can be considered in NR.
1. Short/truncated BSR (report buffer status of a single LCG)
2. Variable BSR (report buffer status of selective LCGs)
3. Long BSR (report buffer status of all LCGs)
[bookmark: _Toc485111027][bookmark: _Toc485112795][bookmark: _Toc485204486][bookmark: _Toc485407351][bookmark: _Toc485410826]In NR, variable BSR may be helpful to reduce overhead in MAC PDU. 
Table 1 BSR MAC CE size for different BSR format
	BSR format
	BSR MAC CE size
(Assuming with 3 bits of LCG ID and 6 bits of buffer size field)
	No of LCGs to report

	Short /truncated 

	2 byte (9 bits)
	1

	Variable  (based on format shown in figure 1)
	2 bytes to 5 bytes
	Any 1, 2, 3, 4 or 5 of 8 LCGs

	Long BSR
	6 bytes
	8 (including 6 and 7)



As shown in table 1, the size of variable BSR MAC CE can be as small as 2 bytes. The procedure for generating BSR MAC CE can be based on LTE and an example of it can be described as follows assuming a regular or periodic BSR has already been triggered.
1. When UE MAC receives a UL grant, 
a. reserve resource for long BSR 
2. perform LCP
3. Adjust the BSR format (no BSR or short BSR or variable size BSR or long BSR) and perform LCP if required.


Figure 1 An example of variable BSR MAC CE format
An example of variable size BSR format is shown in figure 1 where buffer status of LCG 0, 3, 4 and 7 are being reported. The first byte in the BSR MAC CE is used as bitmap indicator which indicates which LCG IDs are included in the BSR. The maximum size of the BSR MAC CE in this format is 7 bytes to report all 8 LCGs. It can also be possible that the use of variable size BSR format can be based on UE implementation. If there is enough space available after LCP, long BSR can still be used even not all LCGs have data to transmit. 
[bookmark: _Toc485111031][bookmark: _Toc485112624][bookmark: _Toc485407354][bookmark: _Toc485407360][bookmark: _Toc485204490][bookmark: _Toc485410830]Variable size BSR format is supported in NR.
[bookmark: _Toc485407355][bookmark: _Toc485407361][bookmark: _Toc485410831]A variable size BSR format includes 1 byte bitmap indicator at the beginning to indicate which LCGs are being reported.
BSR triggering
In LTE, when a data arrival on the equal or lower priority logical channel takes place while BSR has already been triggered and UE is waiting for UL grant, new BSR does not get triggered. In this case, padding BSR may not be reported in the received UL grant as the UL grant may not have enough space. This will cause the UE to start a scheduling request after the expiry of the retxBSR-Timer. 
In NR, a UE may be supporting a URLLC service and delay becomes very sensitive. In this case, a LCH which belongs to a LCG mapped for delay sensitive service like URLLC would have high priority. When such high priority has data for transmission, then any new arrival of data does not trigger the BSR. In case, the UL grant received cannot fit all the available data of this high priority LCH, it will incur large delay for the rest of the delay sensitive data. However, this issue may be still acceptable for low priority LCHs, for example, belonging to LCGs mapped to eMBB services. Therefore, the buffer status of the high priority LCH needs to be updated more often than that of the low priority LCHs.
[bookmark: _Toc485112796][bookmark: _Toc485204487][bookmark: _Toc485407352][bookmark: _Toc485410827]Buffer status in the LCH serving delay sensitive services, such as URLLC needs to be updated more often than that of lower priority LCHs.
This issue can be resolved by configuring shorter retxBSR-Timer but frequent SR triggering may not be desirable. However, for URLLC service to meet the latency requirement, new retxBSR-Timer can be defined and used with shorter periodicity for a LCH associated with the URLLC service. The legacy retxBSR-Timer which is already agreed to be configured per MAC entity can be used with longer periodicity and still applicable to all LCHs. This would mean, a particular LCH associated with URLLC service has two sets of values of the retxBSR-Timer. Similarly, a new periodicBSR-Timer can be defined to trigger periodic BSR instead of new retsBSR-Timer so that it does not trigger SR. 
Note that the value of the new BSR timer can be set to zero which would mean a regular BSR is always triggered if new UL data becomes available in the logical channel of a LCG belonging to the URLLC service regardless of prior data availability. The new BSR timer is not configured if not required.
[bookmark: _Toc485204491][bookmark: _Toc485204492][bookmark: _Toc481162382][bookmark: _Toc481162477][bookmark: _Toc481398536][bookmark: _Toc481399556][bookmark: _Toc481408648][bookmark: _Toc481784861][bookmark: _Toc481790199][bookmark: _Toc485111032][bookmark: _Toc485112626][bookmark: _Toc485204493][bookmark: _Toc485407356][bookmark: _Toc485407362][bookmark: _Toc485410832]A high priority LCH which requires more frequent buffer status update than other LCHs can be configured with different value of retsBSR-Timer or periodicBSR-Timer in addition to the per MAC entity retsBSR-Timer or periodicBSR-Timer which are applicable to all other LCHs.
Summary 
Based on the above discussion, we have following observations:
Observation 1 BSR does not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG. It is up to the network to map a logical channel to a particular numerology/TTI length and to a particular LCG.
Observation 2 In NR, variable BSR may be helpful to reduce overhead in MAC PDU.
Observation 3 Buffer status in the LCH serving delay sensitive services, such as URLLC needs to be updated more often than that of lower priority LCHs.
Based on these observations and discussion, we propose:
Proposal 1.	BSR includes only LCG ID to imply the information of numerology/TTI.
Proposal 2.	Variable size BSR format is supported in NR.
Proposal 3.	A variable size BSR format includes 1 byte bitmap indicator at the beginning to indicate which LCGs are being reported.
[bookmark: _GoBack]Proposal 4.	A high priority LCH which requires more frequent buffer status update than other LCHs can be configured with different value of retsBSR-Timer or periodicBSR-Timer in addition to the per MAC entity retsBSR-Timer or periodicBSR-Timer which are applicable to all other LCHs.
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