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1 Introduction

In this contribution, we propose several enhancements to SR and BSR in NR.  More specifically, we propose that 
· Extend the SR in LTE baseline with additional information to help gNB schedule faster and more efficiently;

· BSR should be reported on a per logical channel basis to provide more accurate buffer status to the network; 

· Enhancements to SR and BSR should be customized for different numerologies/TTIs.
2 Discussion
2.1  Enhanced SR/BSR for eMBB
In the LTE baseline, SR on PUCCH channel is a binary signaling scheme indicating whether there is pending uplink data at the UE.  Therefore, from a SR alone, the gNB only knows UE has data waiting but has no idea how much data there might be and what type of priority the data has.  gNB may take a conservative approach by first providing a small UL grant for a BSR first and then allocating resources accordingly.  This approach uses resources efficiently but has long scheduling latency.  An alternative approach is to estimate how much data there might be (e.g. based on past statistics) and then allocate enough resources to get at least the initial portion of data.  This approach can start UL transmission quickly but might waste resources if the gNB over estimates.

Expending SR with additional information can help avoid these tradeoffs.  It enables gNB to allocate a right amount of resource to the UE in just one round-trip time.  Since PUCCH can carry very little information, it should be something compact and yet being able to convey enough useful information about UE’s buffer status, especially those for high-priority logical channels (LCH).  We propose the following approach:

· Network configures a priority threshold for logical channels (LCH).  A LCH with a priority equal to or higher than the priority threshold is denoted a high-priority LCH.  A LCH with a priority lower than the priority threshold is denoted a low-priority LCH.

· If a UE has data in high-priority LCHs, it should send an enhanced SR to the network.  This enhanced SR should include the total buffer size of all its high-priority LCHs.  Otherwise, i.e. the UE has data only in the low-priority LCHs, the UE should send either a regular SR (as in the LTE baseline) or an enhanced SR with a buffer size of zero to request grants from the network.

To send this enhanced SR, a new PUCCH format should be defined and it should include the following field as shown  REF _Ref477872682 \h 
 \* MERGEFORMAT .

Figure 2‑1.  Format of an enhanced SR.
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Proposal 1:  A new PUCCH format should be defined for the proposed enhanced SR, which should include the total buffer size of UE’s high-priority LCHs, which are the LCHs whose priorities are equal to or higher than a threshold configured by the network.  

Proposal 2.  A UE should send an enhanced SR if it has data in high-priority LCHs.  Otherwise, it should send an enhanced SR with a buffer size of either zero or an invalid value to request grants. 

In the LTE baseline, a BSR reports buffer size of logical channel groups (LCG) instead of LCH. There is a total of four LCGs.  One of them is dedicated to control channel, leaving all other LCHs with varying priorities grouped into remaining three LCG's.  This implies that a LCG may contain LCHs with different priorities.  Another issue in NR is that a LCH can be mapped to multiple numerologies/TTIs.  But LCHs with different mappings may be multiplexed in to the same LCG.  Therefore, when UEs report BSR on a per LCG basis, the gNB cannot get accurate report on the buffer size of each of its priority class or each of the configured numerologies/TTIs.  And there is effectively only three QoS classes for data applications.  This results in sub-optimal UL resource allocation.
We believe that this limitation due to LCG based reporting is unnecessary.  Buffer status should be reported on a per LCH basis instead.  
Proposal 3.  Buffer status should be reported on a per-LCH basis. 

Based on this change, we propose that two formats of BSR should be defined in NR:
· Full/truncated BSR.  A full/truncated BSR contains the buffer size of all or a subset of non-empty LCHs. 

Its proposed format is shown in Figure 2‑2 REF _Ref477518122 \h 
 \* MERGEFORMAT .  After the MAC CE header, the following fields are included:

· A two-bit BSR Type field.  It defines three types of BSRs: full-size BSR, truncated BSR or short BSR.  Please see Proposal 4 and 5 for the conditions when each of them is sent;

· Number of LCHs included, which is five-bit long; 
· LCH ID and its buffer size index for each LCH included in this BSR. The LCHs should be arranged by the order of their priority, i.e. the first LCH has the highest priority.  
· Padding, to fill the byte boundary.
Note that this format is used for both truncated and full BSRs.  
Figure 2‑2.  Format of a variable-size BSR. 
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· Short BSR.  A short BSR is sent as padding in a MAC PDU whose spare space is more than two bytes long but shorter than four bytes (i.e. too small to fit the shortest truncated BSR).  It contains the total buffer size of all non-empty LCHs.  Its format is shown in Figure 2‑3.  After the MAC CE header, it contains the following two fields:

· BSR Type, which is a two-bit field indicating that it is a short BSR.  

· Total buffer size of all non-empty LCHs.
Figure 2‑3.  Format of a short BSR.
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Proposal 4.  Two formats of BSR as proposed should be defined to support full BSR, truncated BSR and short BSR.
The short and regular BSRs are sent as paddings in MAC PDUs that have spare space. The conditions on when to send them are similar to those in the LTE baseline: 

· A short BSR is included in a UL MAC PDU as padding if that MAC PDU has a spare space which is at least two-bytes long but shorter than four bytes;
· A truncated or full BSR is included in a UL MAC PDU if the spare space is at least four-byte long.  Depends on the size of the spare space available, this BSR can be either a truncated BSR (so some LCHs may not be included) or a full BSR.
Proposal 5.  The short and regular BSRs are sent as paddings in MAC PDUs if spare resources are available.  The conditions on when to send them are similar to those in the LTE baseline.
2.2 Enhanced SR/BSR for other numerologies/TTI
In NR, different numerologies/TTIs are configured to support services with different QoS requirements.  These different QoS requirements may require UE to use different scheduling policies for different numerologies/TTIs.  For example, it may use data’s deadline to schedule URLLC service but use PBR in the LTE baseline for eMBB.  Therefore, different types of scheduling policy may require a UE to classify its logical channels based on different metrics and report its buffer status according to that classification.  
Proposal 6:  Enhanced SR and BSR for different numerologies/TTIs may have their own content, format and triggering conditions, if required by their respective application requirements.
In the LTE baseline, UEs can send SRs only at configured period only, which directly affects the scheduling latency.  For this reason, for a numerology/TTI, the minimum configurable period for SR should be the same as its TTI, and the maximum configurable period should be no larger than the latency requirement of its target applications.   
Proposal 7.  The range of the configurable periods of SR (including enhanced SR) should be aligned with its TTI and latency requirement of the associated applications.
Padding BSR is an efficient way for UEs to use spare UL resources to report its buffer status.  Therefore, if spare UL resources are available to include a BSR on a numerology/TTI that the UE is configured to use, the UE should be allowed to use the opportunity and include a padding BSR.  If more than one numerologies/TTIs can include the BSR as padding, it should be left to UE to decide which numerology/TTI to use. 
Proposal 8:  If a UE supports multiple numerologies/TTIs, a padding BSR can be sent over any one of the numerologies/TTIs that it is configured to use.  If more than one numerology/TTI can include a padding BSR, it should be left to UE to decide which numerology/TTI to use.
3 Summary
Based on the above discussions, we recommend RAN2 discusses the following proposals:
Proposal 1.  A new PUCCH format should be defined for the proposed enhanced SR, which should include the total buffer size of UE’s high-priority LCHs, which are the LCHs whose priorities are equal to or higher than a threshold configured by the network.  

Proposal 2.  A UE should send an enhanced SR if it has data in high-priority LCHs.  Otherwise, it should send an enhanced BSR with a buffer size of either zero or an invalid value to request grants. 
Proposal 3.  Buffer status should be reported on a per-LCH basis. 
Proposal 4:  Two formats of BSR as proposed should be defined to support full BSR, truncated BSR and short BSR.
Proposal 5:  The short and truncated BSRs are sent as paddings in MAC PDUs if spare resources are available.  The conditions on when to send them are similar to those in the LTE baseline.

Proposal 6:  Enhanced SR and BSR for different numerologies/TTIs may have their own content, format and triggering conditions, if required by their respective application requirements.

Proposal 7:  The range of the configurable periods of SR (including enhanced SR) should be aligned with its TTI and latency requirement of the associated applications.
Proposal 8:  If a UE supports multiple numerologies/TTIs, a padding BSR can be sent over any one of the numerologies/TTIs that it is configured to use.  If more than one numerology/TTI can include a padding BSR, it should be left to UE to decide which numerology/TTI to use.
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