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1 Introduction

At RAN1 #38bis meeting, RAN1 discussed scheduler related issues and raised some questions to RAN2 in [1]. In response to [1], this document addresses and answers one of the raised questions regarding the types of grant and behaviour in SHO.  
2 Types of Grant and Behaviour in SHO 
As a possible option for working assumption in [1] it has been mentioned that the UE shall be capable of receiving: 

· One absolute grant and one relative grant per time interval from the serving cell
· One relative grant per time interval from each of the non-serving cells.
It has been suggested by some companies that the absolute grant should also be issued from non-serving cells. 
It has been mentioned that UE shall treat the received grants from serving or non-serving cells separately or combine grants. 
For the following reasons we suggest broadcast of capacity of serving and non-serving cells to UE in the form of mean buffer occupancy in UEs to enable the UE of interest to arrive at a final scheduling grant in a signalling efficient manner in both non-SHO and SHO scenarios: 
· The main objective behind proposing the enhanced uplink is to improve the end-user delay and quality of service (QoS) at uplink.
· The status of buffers of UEs in terms of data occupancy (i.e. how much time packet data has to be delivered or dropped) and overall status of queuing system is an important and decisive factor impacting the overall QoS.

· Also in SHO region, UE is the central entity to treat or combine the received scheduling grants.

· UE needs some further information, on a fast TTI by TTI basis, on capacity of each serving or non-serving cell to qualify or grade the received scheduling grants from those cells.
· While broadcast of RoT provides a measure of congestion and capacity, it does not provide accurate information about the profile of queuing system, packet dropping profile, or the status of information bits in the UE buffers. On opposite, broadcast of the mean buffer occupancy provides a clear picture of the information bits and capacity being handled by each serving or non-serving cell.
· Unlike RoT which gives a measure of the congestion only for current TTI, mean buffer occupancy gives a more futuristic profile of congestion by relying on the exact amount of information bits sitting in UE buffers waiting for transmission. By broadcasting this information, serving or non-serving cell gives UE information about the long-term opposition or competition UE will face if it goes through any of these specific serving or non-serving cell. 
· In fact, as detailed in [2], since the buffer status of each UE is known to that UE, by receiving this broadcast capacity information in the form of mean buffer occupancy, UE can use this broadcast information to arrive at the final scheduling grant: UE simply measures the distance of its own buffer occupancy from this global mean value.
· The result is that the individual scheduling grants can be determined in the UE without the need for the explicit signalling of individual relative or absolute grants, resulting in significant reduction of signalling associated with scheduling grants from serving or non-serving cells to UEs.  

· It is worth noting that the Node B can perform exactly the same calculation of scheduling grant as the UE.  This will allow it to predict exactly what grant each UE will arrive at, without the need for explicit signalling.
· In the SHO case, the broadcasted information enables the UE to realise how congested a cell is compared to other cells. Therefore, UE gives more weight to the grants that originated from cells that handle UEs with less buffer occupancies (and i.e. less overall data to transmit in uplink). 
· In non-SHO or SHO case, by looking at this information, if UE is much below the mean buffer occupancy of a cell, it realises that it is doing well compared to other UEs and slows down on a temporary basis to let other UEs with possible critical buffer filling status recover and improve their packet dropping profile by delivering already late packets. This provides an extra mechanism for RoT control.

· This creates a cooperative uplink scheduling scheme for uplink resulting in an improved QoS, 95% percentile delay, overall buffer occupancy, packet dropping rate and OTA throughput as presented in [3].    

· This information helps UE combine the received absolute or relative grants or treat them on a justified basis leading to capacity and fairness improvements in uplink. 
In summary, to reduce scheduling grant signalling to a significant degree we suggest broadcasting of mean buffer occupancy information from serving and non-serving cells.   

It is worth noting that in this scheme the RoT management becomes more efficient whatever the quantity to be controlled is [4]. In particular, if as proposed in [4]. maximum TFCI is selected as the scheduling quantity to be controlled, the proposed broadcast scheme provides means for a better containment of RoT without any need for extra signalling whilst ensuring optimal Node-B resource utilisation.
3 Conclusion

To help UE qualify, combine or treat the received grants from serving or non-serving cells in SHO, the broadcast of capacity information from serving or non-serving cells in the form of mean buffer occupancy of each cell is proposed. The proposed broadcast scheme provides an extra mechanism by having the means for a better control of RoT without any need for extra signalling or inefficient Node-B resource utilisation. This leads to a better performance for the scheduler in terms of packet dropping rate, throughput and delay.
4 Reference
[1] R1-041258, “LS on scheduler related issues”.
[2] R1-041201, „Relative Grant Scheme with Low Signalling Overhead“, Fujitsu.
[3] R1-040933, “Node B controlled scheduling for Enhanced Uplink”, Fujitsu 
[4] R2-042056, “Uplink for FDD : Quantity to Control”, Fujitsu.










PAGE  
1

