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Discussion and decision
1.  Introduction
In the LS received from RAN1 [1], RAN1 has stated that the physical resource block (PRB) usage would provide beneficial measurements for the load balancing use case originally presented by RAN3 [2]. In the LS [1], RAN1 has indicated that the feasibility of measuring PRB usage separately for GBR and non-GBR traffic shall be studied in RAN2. This paper proposes the details of PRB usage measurements at eNB.
2. Discussion
The RAN1 LS [1] indicated the following measurements:
M1  Physical resource block usage for GBR (real time traffic) on UL

	Definition
	Physical resource block usage on UL, is determined for the ratio (percentage) of the used PRBs for GBR (real time) traffic over the available UL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.


M2  Physical resource block usage for non-real traffic on UL

	Definition
	Physical resource block usage on UL, is determined for the ratio (percentage) of the used PRBs for non-real traffic over the available UL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.


M3  Physical resource block usage for GBR (real time) traffic on DL

	Definition
	Physical resource block usage on DL, is determined for the ratio (percentage) of the used PRBs for GBR (real time) traffic over the available DL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.


M4  Physical resource block usage for non-real time traffic on DL

	Definition
	Physical resource block usage on DL, is determined for the ratio (percentage) of the used PRBs for non-real time traffic over the available DL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.


It is the opinion of the co-sourcing companies that GBR/non-GBR can be distinguished by the QCI signalled on the S1 interface. In LTE/SAE, each data bearer is associated with a QCI, which is used to differentiate RRM, most notably scheduling. How many PRBs are consumed would highly depend on the QCI. The QCIs can be categorised into GBR and non-GBR, and for these categories, the PRB usage can be measured as defined by RAN1 above. Nevertheless, an advanced load balancing algorithm may consider the PRB usage per QCI, so that UEs having different QCI bearers can be handled differently in the RRM, e.g., handover control. For example, UEs having certain combination of QCI bearers can be moved vertically to an overlaid cell. More concretely, a voice user can be moved to an overlaid cell while a video user can remain, although they both can be categorised as GBR. To support such intelligent and sophisticated load balancing algorithms, the co-sourcing companies propose that the PRB usage is measured per QCI and exchanged over X2. This functionality can be a potential differentiator to other competing technologies.
Then, the PRBs used for other purposes, e.g., C-plane signallings (BCCH, PCCH, RACH, SRBs) and MBMS (MCCH, MTCH), need to be considered. Unless these information are exchanged over X2, it would be impossible for the eNB to know how much resources are consumed/available in the neighbouring eNBs. Nevertheless, it would be unnecessary to measure in extravagant detail. It is hence proposed that the PRB usage is measured separately for the categories: control channels (BCCH, PCCH, SRBs for DL, and PRACH, PUCCH, SRBs for UL), SC-PTM MBMS channels (MCCH, MTCH) and MBSFN channels (MCCH, MTCH).
In summary, the following measurements are proposed:

· PRB usage per QCI on UL
· PRB usage per QCI on DL
· PRB usage for control channels (i.e., sum of usage for PRACH, PUCCH, SRBs) on UL

· PRB usage for control channels (i.e., sum of usage for BCCH, PCCH, SRBs) on DL

· PRB usage for SC-PTM MBMS channels
· PRB usage for MBSFN channels

Each shall be determined as the ratio (percentage) of the used PRBs for the concerned channels over the available DL PRBs over a certain time interval, and shall be measured per cell. The detailed definition of each item is listed in section 3.

An issue that needs to be resolved is when different QCI bearers are concatenated into a single PDU. For the DL, the eNB can still measure the amount of PRBs consumed by each QCI, by looking at the amount of data from each bearer.  Nevertheless, it might be difficult to determine exactly what fraction is consumed per QCI. For the UL, this is even more difficult since the eNB cannot determine which bearers were multiplexed in a PDU until successful decoding. In order to execute such analysis, the eNB needs to buffer information about past resource allocations, which seems to impose considerable complexity. It would be impossible to analyse if the PDU is discarded at the UE in the end, due to expiry of the discard timer or a handover. Such problem also applies when SRB and DRB PDUs are multiplexed. This clearly needs further studies in RAN2. One way can be to apply a rule of thumb that the PRBs used for such PDUs are counted for a particular QCI, e.g., the highest ranked based on the delay budget.

3.  Definitions
The following definitions are proposed.
M1  PRB usage per QCI on UL

	Definition
	This is the PRB usage on UL determined as the ratio (percentage) of the PRBs used for a QCI over the available UL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions are counted as used. Any PRBs used for related L2 signallings, e.g., BSR and RLC status, are also counted. How concatenated PDUs of different QCI bearers can be counted is FFS.


M2  PRB usage per QCI on DL

	Definition
	This is the PRB usage on DL determined as the ratio (percentage) of the PRBs used for a QCI over the available DL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions are counted as used. Any PRBs used for related L2 signallings, e.g., RLC status, are also counted. How concatenated PDUs of different QCI bearers can be counted is FFS.


M3  PRB usage for control channels on UL

	Definition
	This is the PRB usage on UL determined as the ratio (percentage) of the PRBs used for control channels on the UL (i.e., sum of PRBs reserved for PRACH, PRBs used for PUCCH, and PRBs used for SRBs) over the available UL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions are counted as used.


M4  PRB usage for control channels on DL
	Definition
	This is the PRB usage on DL determined as the ratio (percentage) of the PRBs used for control channels on the DL (i.e., sum of PRBs used for BCCH, PCCH, and SRBs) over the available DL PRBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should be counted as used.


M5  PRB usage for SC-PTM MBMS channels

	Definition
	This is the PRB usage on DL determined as the ratio (percentage) of the PRBs used for SC-PTM MBMS channels (i.e., MCCH and MTCH) over the available DL PRBs over a certain time interval, and is measured per cell.


M6  PRB usage for MBSFN channels

	Definition
	This is the PRB usage on DL determined as the ratio (percentage) of the PRBs used for MBSFN channels (i.e., MCCH and MTCH) over the available DL PRBs over a certain time interval, and is measured per cell.


4.  Conclusions
It is proposed that the PRB usage measurements listed in section 3 are endorsed by RAN2 and any open issues, e.g., how to count concatenated PDUs in particular, are discussed further.
References

[1]
R1-080617, “Reply LS on load balancing,” RAN WG1.
[2]
R2-08xxxx, “LS on load balancing,” RAN WG3.

[3]
R2-080444, “eNB measurements for RAN performance monitoring,” NTT DoCoMo, T-Mobile, Orange, KPN, Telecom Italia.

[image: image1.png]














































































PAGE  
1

