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1 Introduction
The need for exchanging load information between eNBs has been captured in TR 36.902. So far there is agreement on exchanging:

· the current radio resource usage (UL / DL GBR PRB usage, UL/DL non-GBR PRB usage, UL/DL total PRB usage), (further refinements of non-GBR load is FFS)

· the current HW load indicator (UL/DL HW load: low, mid, high, overload),

· the current TNL load indicator (UL/DL TNL load: low, mid, high, overload).

A composite available capacity indicator (UL / DL PRBs) is FFS.
This document treats the need for further refinements of the non-GBR load information exchange as well as analyzes the need for an indication of available capacity.

2 Discussion
The objective for MLB as captured in TR 36.902 is to “cope with unequal traffic load” and “improve the system capacity”. The information exchanged between eNBs should support the system to reach these objectives.
For GBR services it is quite clear that the already agreed exchange of the current UL/DL GBR PRB resource usage will give sufficient information about neighboring cells GBR load in order to balance the GBR load.

On the other hand, for non-GBR traffic we expect that PRB utilization is not a sufficient indication of load. Typically TCP applications can be elastic in need of bandwidth and a single high-end user could use all capacity in a cell. So even with a few or even with just one non-GBR user, the cell may look fully loaded if only the actual resource usage is exchanged between eNBs. It is thus clear that the non-GBR load information need to be refined. Over time several candidates for non-GBR load evaluation have been proposed (ref. ‎[1], ‎[2], ‎[3], ‎[4], ‎[5], ‎[6]). At RAN3 #64 mainly two alternatives were discussed:
· # of active users per QCI & Average DL/UL cell PDCP SDU bit-rate per QCI, ref  ‎[5],

· PRBs available for load balancing, ref  ‎[6]
The general idea of the second alternative is to indicate how many PRBs are available in the cell if all the non-GBR users are downgraded to some minimum bitrate. Thus it indicates the maximum extra load the cell could carry if all non-GBR users were to be downgraded.
This information may be useful, but will not help to make actual load balancing. It will help a source eNB judge if the candidate target eNB cell can admit more incoming traffic. It could be argued that by also looking at the non-GBR resource usage the source eNB could judge when the load is balanced. But as previously mentioned, the problem is that it is unknown how many non-GBR users are sharing the indicated reources. The situation may occur that in one cell, a few or even a single non-GBR user occypy all available resources in the cell, and at the same time in a neighbor cell a large number of non-GBR users also occupy all the available resources. The cells would thus appear to be load balanced if only the actual resource usage is exchanged. Adding on info on PRBs available could balance the available PRBs, but not on offered traffic (queue length). Exchanging the number of active users (per QCI) would on the other hand greatly help to judge when cells are truly load balanced.
Conclusion 1: Exchanging a measurement of number of active users (per QCI) will greatly assist in load balancing.
To specify the additional measurements, we assume that the existing measurement quantities that have already been defined in 3GPP shall be reused as far as possible.

Conclusion 2:  For non-GBR load indication, the existing measurement quantities that have already been defined in 3GPP shall be reused as far as possible. 

A measurement is already defined in TS36.314, that can be reused, namely number of active users per QCI. Not only for simplicity of standards work, but also for the simplicity of eNB implementation and processing load, it is a good idea to reuse this measurement.
Conclusion 3: Reuse the existing measurement number of active users per QCI as already defined in TS36.314.
The concept of remaining PRBs available for load balancing together with PRB utilization gives an indication of the load situation, but cannot be used to make a good estimate of the expected perceived throughput after load balancing handovers. And even if the “PRB available for load balancing” would be introduced, there is no measurement that could directly be used for available PRBs in TS36.314. Thus directly specifying available PRB for load balancing is a complicated standardization work. Leaving it unspecified and implementation dependent as proposed in ‎[6] would jeopardize interoperability. In this document we provide an indirect approach to achieve the goal. 
The information of non-GBR PRB usage and the number of active users can be used to give a rough estimate of the perceived throughput per user by calculating # of PRBs per active user. But throughput per PRB can vary a lot and a better indication would be to get an indication of the actual throughput. 

Interestingly enough, measurements exist already and are defined in TS32.425 that can fit the purpose: Average DL/UL cell PDCP SDU bit-rate. With this information available a good picture of the actual load is given, and also enables the eNB to estimate what effect on load a hand over of a user would result in when it comes to new load situation and the expected perceived throughput for the handed over user.

In TS32.425, the PM (performance measurement) of averaged DL/UL cell PDCP SDU bit-rate is specified as follows:  
“Average DL cell PDCP SDU bit-rate”.  It is obtained by accumulating the number of bits entering the eNodeB, and then dividing the sum by the measurement period. The measurement is performed at the PDCP SDU level.  PDCP SDUs that are forwarded over the X2/S1 to another eNodeB during handover shall be deducted from the bit count – if this results in a negative bit count the bit count shall be set to zero.  Separate counters are maintained for each QCI.  The sum of all supported per QCI measurements shall equal the total DL cell PDCP SDU bit-rate.  In case only a subset of per QCI measurements is supported, a sum subcounter will be provided first.
“Average UL cell PDCP SDU bit-rate” This measurement is obtained by accumulating the number of bits leaving the eNodeB on the X2 or S1 interface, and then dividing the sum by the measurement period.  The measurement is performed at the PDCP SDU level.  PDCP SDUs that were not received over the air interface in the cell (but were forwarded from another eNodeB during handover) are excluded from the count.  Separate counters are maintained for each QCI.  The sum of all supported per QCI measurements shall equal the total UL cell PDCP SDU bit-rate.  In case only a subset of per QCI measurements is supported, a sum subcounter will be provided first.
This measurement, AverageCellPDCPSDUBitratePerQCI is useful to be signalled to neighbouring eNBs. Combining it with number of active users per QCI, an averaged cell bit rate per QCI per active UE is able to be calculated at the recipient.
Conclusion 4: The already defined AverageCellPDCPSDUBitRatePerQCI  shall be used to indicate non-GBR load.

We assume that for an active UE per each QCI, a minimal bit rate shall be set to maintain user experience at an acceptable level. We further assume that this minimum bit rate could be configurable by operator and usually it should be of the same value for neighbouring eNB (if different, it should be able to be known by neighboring eNB). By observing how distant the averaged bit rate to minimum bit rate, recipent should know whether or not the target is able to accept more traffic and how much more. 
2.1 PRB usage

We note that PRB utilization is still applicable, in the sense that if PRB utilization is low, then the cell load is low, also for non-GBR traffic. Furthermore we see that in a badly planned network, or when certain cells have areas with particularly bad radio conditions, there could be a significant amount of UEs that do not reach minimum QoS requirements and that contribute to Queuing although the cell could still accept more traffic. Thus, our assumption on  non-GBR load evaluation is that PRB usage per non-GBR is still applicable in some cases.
Conclusion 5: PRB usage per non-GBR is still applicable.
2.2 Example

We further elaborate it with an example. 
eNB2 reports to eNB1 that for QCI 9:
· 4 UEs are active 
· average bit rate per QCI9 is 600kb/s.
· non-GBR PRB usage = 100
Suppose eNB1 would like to hand over 2 QCI 9 radio bearer to eNB2, he estimates that if eNB1 does this the QCI9 aggregate data rate will be about 600kb/s (still), and the per active UE rate will fall to 100kb/s. 
Given that eNB1 consider the minimum active bit rate to be 64kb/s for QCI 9 then this should be acceptable.  Furthermore eNB1 is aware of that the two UEs have a bitrate below 100 currently within eNB1 (maybe even below the min bitrate) so eNB1 proceeds to load balance handing over the two Ues to eNB2. 

Note that we do not have to always use minimum bit rate. For example, when handing over a UE that is active on QCI X, we could just compare between source and target, the bitrates per UE for all QCIs with scheduling priority equal or higher than X, in order to find which cell is more highly loaded. 
3 Conclusions
We note that low PRB usage as an indication of low load is still applicable to non-GBR services and should thus be kept. 
We also note that for additional non-GBR load indication, existing measurement quantities that have already been defined in 3GPP can be reused, and would enable true load balancing. 
Based on these facts, we propose that:
· number of active users per QCI measurement, as already defined in TS36.314, shall be used to indicate non-GBR load.

· “Average UL/DL cell PDCP SDU bit-rate per QCI, as already defined in TS32.425, shall be used to indicate non-GBR load.
Huawei is willing to provide any CR resulting from RAN3’s decision on the above proposal. 
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