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1
Introduction 

Fast Node B controlled scheduling for uplink is one of the enhancements under study in the enhanced uplink DCH study item. Chapter 7.1.3 of the technical report [1] discusses different alternatives of facilitating scheduling in SHO. This document discusses the topic further.

2
Discussion

Different options for fast Node B controlled scheduling when R'99 DCH is in SHO are listed in Table 1 below.

Table 1: Options for E-DCH scheduling when the UE is in SHO

	
	DL scheduling signalling transmission (Node B)
	DL scheduling signalling reception (UE)

	a)
	All the node Bs in the active set schedule the UE
	Received from >1 node B (all the node Bs)

	b)
	All the node Bs in the active set schedule the UE
	Received from one node B only

	c)
	Only one node B in the active set schedules the UE
	Received from one node B only

	d)
	None of the node Bs schedule (scheduling is off)
	Not received


Assumption in the Table 1 above is that all the node Bs in the active set of the UE receive the E-DCH uplink transmission, e.g. macro diversity gain is exploited for the E-DCH. Additional possibility is naturally reconfiguring the radio link to R'99 DCH only and not allow E-DCH at all in the SHO. 

a)
All the node Bs in the active set schedule the UE and the UE receives the signalling from > 1 node B (all the node Bs)
· All the node Bs receiving the UL transmission can influence the loading caused by that uplink. Hence none of the node Bs should experience unexpected noise rise form the UEs they are in connection with.

· None of the scheduling node Bs can ever know, what data rate the UE in SHO will transmit next as the data rate is impacted by other node Bs too. Hence capacity allocated by the node B scheduler to a UE in SHO may remain unused. 

· All the scheduling node Bs should be able to receive the scheduling related UL signalling. Hence relatively high signalling power in the UL may be required.

· The UE should be able to receive the scheduling related DL signalling from more than one (optimally all) scheduling node Bs. Hence relatively high signalling power offsets in the DL may be required.

· As signalling is sent by several node Bs and over weak radio links, the probability of the L1 signalling error would be relatively large.

· At least in the case of code multiplexed DL signalling, the large number of code channels the UE would have to receive simultaneously could impact the UE receiver complexity.

b)
All the node Bs in the active set schedule the UE and the UE receives the signalling from one node B only

· All the node Bs receiving the UL transmission cannot influence the loading caused by that uplink. Hence the node Bs may experience unexpected noise rise form the UEs they are in connection with.

· None of the scheduling node Bs can ever know, what data rate the UE in SHO will transmit next as the data rate is impacted by other node Bs too. Hence capacity allocated by the node B scheduler to a UE in SHO may remain unused.  (Unless the node Bs know, from which node B the UE is receiving the scheduling signalling).

· All the scheduling node Bs should not have to receive the scheduling related UL signalling. Hence lower signalling power in the UL may be sufficient.

· The UE is required to receive the scheduling related DL signalling from one node B only. Hence lower signalling power offsets in the DL may be sufficient.

· Scheduling signalling from the node Bs that are not listened to by the UE is seen as unnecessary DL interference.

c)
Only one node B in the active set schedules (i.e. sends scheduling signalling to) the UE

· All the node Bs receiving the UL transmission cannot influence the loading caused by that uplink. Hence the node Bs may experience unexpected noise rise form the UEs they are in connection with.

· The RNC could provide load information of the other active set node Bs to the scheduling node B to limit the interference to the non-scheduling node Bs.

· The scheduling node B would know that the UE would follow the commands from that node B and that node B only.

· Only the scheduling node B needs to receive the scheduling related UL signalling. Hence lower signalling power in the UL may be sufficient.

· The UE is required to receive the scheduling related DL signalling from one node B only. Hence lower signalling power offsets in the DL may be sufficient.

· A mechanism for selecting the scheduling node B, (presumably either with the best downlink or best uplink) and informing that to the UE as well as to all the node Bs in the active set may need to be introduced.

d)
None of the node Bs schedule during SHO (scheduling is off)

· None of the node Bs receiving the UL transmission could directly impact the UE data rates with L1 signalling.

· No signalling means that signalling overhead and reliability are not issues but also any potential gain from fast scheduling in SHO goes unexploited.

· A mechanism for informing the node Bs to turn the scheduling off when entering SHO and on again when moving to non-SHO would need to be introduced.

3
Conclusions

Some options of E-DCH scheduling during SHO were discussed and their implications considered. The key points to think of are:

1. If more than one node B is scheduling during SHO, none of them really know, what data rate the UE will adopt. Hence capacity allocated by the node B scheduler to a UE in SHO may remain unused.

2. If the scheduling related signalling should be reliable between the UE and several node Bs in the DL, in the UL or both, required signalling powers and the UE complexity may increase.

3. If only one node B is scheduling, the impact to other cell load can only be taken into account in the scheduling decisions if RNC controls or restricts the scheduling node Bs decisions.

4. If the available data rates in SHO region are anyway limited, the potential scheduling gain may not be large enough to justify scheduling in SHO.

Based on above, we see the most interesting options in either having only a single scheduling node B also during SHO or turning scheduling completely off when the UE is in SHO.

4
Text proposal

---------------Start text proposal -------------------

7.1.3 
Scheduling in Soft Handover
7.1.3.1
General
When more than one Node B control the cells present in the UE active set, there are several alternatives as to the location of the scheduling entity which controls the UE. Possible solutions are:

· The Node B controlling the best downlink cell (e.g. as defined by RRC for DSCH/HS-DSCH operation) or the Node B controlling the best uplink cell is identified as the sole scheduling entity for the UE.The definition of the selection of controlling cell may be either precisely specified or left network implementation dependent. 
· All Node Bs controlling one or more cells in the UE active set are identified as valid scheduling entities. This approach requires an additional decision procedure in the UE when the UE receives the scheduling assignments from multiple Node Bs.

· The Node B controlled E-DCH scheduling is turned off in soft handover.
It is noted that the E-DCH transmission of the UEs in soft handover may have an effect on the RoT variation of the multiple cells in the active set. 

7.1.3.2
Only one Node B schedules the UE
The Node B controlling e.g. the best downlink or uplink cell could be selected as the sole scheduling entity and the network could decide which Node B is the scheduling entity.
If one Node B is identified as a sole scheduling entity, scheduling of a UE in SHO without consideration of non-scheduling cells in the active set could lead to an unexpected variation of the RoT in those cells. To control the RoT variation, it is possible that a Node B uses information from the network, for example, a scheduling weight for each UE in soft handover. There should not be any need to be able to change the scheduling Node B very frequently, e.g. from frame to frame.
7.1.3.3
All the Node Bs controlling cells in the UE's active set schedule the UE
If multiple Node Bs are identified as valid scheduling entities, a UE in a SHO region may receive different scheduling assignments from multiple Node Bs and hence UE operation upon receiving the scheduling assignments should be defined. Possible UE operations are as follows:

· UE chooses the scheduling assignment from the ones indicated by the controlling Node Bs. For example, either the best scheduling assignment or the worst one can be chosen.

· UE combines the scheduling assignments from the controlling Node Bs based on a certain algorithm. For example, UE generates a single scheduling assignment by applying weighting factor (determined by the network) to each scheduling assignment. 

Various options have to be considered in terms of system performance in particular in presence of link imbalance and in terms of overall system complexity. Reliability of both uplink and downlink signalling in soft handover, e.g., the scheduling request/information to and scheduling assignment(s) from the controlling Node B(s), should be taken into account in further evaluation. In practice it may not be feasible to assume that all the active set Node Bs would always be able to receive the UL signalling or that the UE would always be able to receive DL signalling from all the active set Node Bs due to e.g. required signalling power offsets and overall system complexity. Additionally, as the final decision of the applied uplink data rate would be done in the UE, none of the scheduling Node Bs would know if the scheduled UE actually uses the uplink capacity the Node B allocated for it. This may lead to inefficient uplink capacity usage.
7.1.3.4
Node B scheduling is turned off during SHO
If the Node B controlled scheduling in soft handover is not seen as feasible, then one possibility would be to turn off the Node B controlled E-DCH scheduling in soft handover. It is FFS, if other enhancement techniques could still be operational in the SHO.
--------------- end text proposal --------------
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