3GPP TSG
RAN WG2 Meeting #70 
Tdoc (R2-103045

Agenda Item:
7.1.9

Source: 
Motorola

Title: 
On the need for multiple BSRs in a TTI for Carrier Aggregation 

Document for:
Discussion and Approval

1. Introduction

In the RAN2 meeting #69bis, based on the discussion in [1], the following open question was identified [2]: 
Do we have restrictions in the number of normal/padding BSR's that can be sent in one TTI?
Related to this, the following agreements were also made in the same meeting [2]: 

1
REL-8 BSR triggers are assumed as baseline

4
The buffer size field is determined after all MAC PDUs have built for the TTI.

6
As like REL-8, only one (padding or normal) BSR is allowed per MAC PDU in REL-10.

In this contribution we examine the necessity of multiple BSRs in a TTI for uplink carrier aggregation. 

2. Analysis
Before examining the need for multiple BSRs in a TTI for carrier aggregation, we first note Agreement #4 listed above. Since the pending buffer size for all logical channels is to be determined only after all MAC PDUs have been built for the TTI, the value of the pending buffer size for each logical channel that could be reported by a BSR is uniquely determined. Whether or not multiple BSRs are allowed in a TTI, there is no ambiguity in the value of the buffer size of any logical channel that would be reported by a BSR. Even if multiple BSRs reported on the value of a given logical channel in a TTI, the values reported by all of them for that logical channel would be the same. 
We also note that if one Long BSR (as either a Regular or Padding BSR) is sent in a TTI by a UE, the pending buffer sizes of all LCGs of the UE are fully reported on, so strictly speaking, there is no further need to send any more BSRs in that TTI. If one Short BSR is sent (as either Regular or Padding BSR), only one LCG reported but others are implicitly assumed to be zero. So again the pending buffer size of all LCGs is fully conveyed, and strictly speaking, no additional BSR is needed in that TTI. 
We assume that the rules for triggering Regular and Periodic BSR defined in TS 36.321 [3, Section 5.4.5] for R8/R9 apply to carrier aggregation as well. Further, we assume that the priorities of various MAC control elements relative to data for various logical channels as defined in [3, Section 5.4.3.1] for R8/R9 apply to carrier aggregation as well. Per the rules for the construction of MAC PDU defined in [3, Section 5.4.3.1], the inclusion of a BSR (with exception of BSR included for padding) is higher priority than data from any Logical Channel, except data from UL-CCCH. So if a Regular or Periodic BSR has been triggered, if an allocated transport block is large enough to include a BSR, it will get included. 
Here we observe that a Short BSR is one octet long, while a Long BSR is 3 octets long, as per the BSR formats defined in [3, Section 6.1.3.1]. From TS 36.213 [4], Table 7.1.7.1-1, the only possible allocation which is not long enough to include a Long BSR (i.e. is less than 3 bytes) corresponds to ITBS=0 and NPRB=1 (16 bits). The Short BSR can be included in any possible uplink allocated Transport Block by the UE.
Based on these observations, when the UE receives an uplink allocation, we can distinguish the following cases: 

1. A Regular or Periodic BSR has been triggered, and only one LCG has non-zero bits pending, in which case (irrespective of the TBS and PRBs) the UE can always send a Short BSR, hence there is no strict necessity of an additional BSR in that TTI.

2. A Regular or Periodic BSR has been triggered and more than one LCG has non-zero bits pending, and at least one allocated uplink Transport Block has ITBS≠0 or NPRB≠1, in which case a Long BSR can be sent, hence there is no strict necessity of an additional BSR in that TTI. 
3. A Regular or Periodic BSR has been triggered, and more than one LCG has non-zero bits pending, but all allocated uplink Transport Blocks have ITBS=0 and NPRB=1 (16 bits). In this case, based on the rules of MAC PDU construction, the UE will include Truncated Padding BSRs for at least all the logical channels which have non-zero pending data. It appears reasonable in this case to allow the UE to send multiple Truncated Padding BSRs. However, we note that the case of ITBS=0 and NPRB=1 appears to be a corner case that would only happen if the UE has very poor channel conditions on all uplink carriers. 
4. A Regular or Periodic BSR has not been triggered. In this case, if the UE has padding space available in multiple MAC PDUs, it would be beneficial to allow the UE to send multiple Padding BSRs. As noted earlier, if the padding space can accommodate a Short BSR and only one LCG has non-zero pending data, or if the padding space can accommodate a Long BSR, then there is no strict necessity of including any additional BSRs. Only if the padding space in each MAC PDU is not long enough to accommodate a Long BSR, and if multiple LCGs have pending data, then there can be a case for sending multiple Truncated Padding BSRs. Again, it would appear that this is a corner case.
We summarize the above in the following observation: 

Observation 1: strictly speaking, in cases 1 and 2, there is no need to support multiple BSRs in a TTI, but there may be a need to allow multiple BSRs in cases 3 and 4. 
We note that there is also a potential reason to allow multiple BSRs in a TTI even in cases where there is no strict necessity for multiple BSRs - Allowing multiple BSRs would increase the probability that at least one of the BSRs gets through to the eNB on the first transmission attempt, potentially providing some reduction in data transfer latency. 
On the other hand, it should be considered that all the multiple BSRs would have to indicate consistent values for the pending buffer size of the various LCGs. The eNB’s BSR processing rules would become more complex if error cases have to be considered wherein the different BSRs in a TTI report different pending buffer sizes. In general the eNB’s processing logic becomes simpler if there is a blanket rule that there should be only a single BSR in a TTI, even in cases where potentially there may be a benefit of allowing multiple BSRs as in cases 3 and 4 above.

We summarize the above discussion with the following: 

Observation 2: RAN2 should consider whether the benefit of allowing multiple redundant BSRs to handle the cases 3 and 4 pointed out above, as well as the potential benefit of decreasing the lost-BSR probability, is sufficient to justify the increase in eNB’s BSR processing logic complexity. 
3. Concluding Remarks 
We have provided an analysis of the need for supporting multiple BSRs in a TTI by a given UE for uplink carrier aggregation. We request RAN2 to consider whether the benefit of allowing multiple redundant BSRs to handle the cases 3 and 4 pointed out above, as well as the potential benefit of decreasing the lost-BSR probability, is sufficient to justify the increase in eNB’s BSR processing logic complexity.
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