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Discussion 

1 Introduction

A study item on UMTS heterogeneous networks was approved to be studied in RAN1 in RAN plenary #57 [1]. This contribution provides text proposal on transmission of Scheduling Information (SI) in context of UMTS heterogeneous networks study. Text proposal is based on contributions [2] and [3].
2 Text Proposal
--------------------------------------------------------Text Proposal Starts---------------------------------------------------------------
6.1.4.3 Impact on UL Scheduling Information

Quite similar issue as described in Section 6.1.4.2 for HS-DPCCH exists for transmission of Scheduling Information (SI) for enhanced uplink. In problematic case the UE has smaller path loss to LPN but serving cell is the macro cell due to node B transmission power imbalance. The imbalance in pathloss can be relatively high since it depends on node B transmission power and pilot Ec/Ior. 
In case where SI problem occurs the macro cell acts as a serving cell and uplink is in macro diversity. The uplink power control is thus dominated by the small cell reception performance. Scheduling information is transmitted on E-DPDCH and received only by E-DPDCH serving cell instead of macro diversity which is generally used for E-DPDCH data. This may cause a situation where uplink transmission power can get too low for successful reception of SI in the serving node B. SI is needed only by scheduler function of serving node B. There are two different cases for transmission of SI depending on whether it is transmitted together with data or not [TS 25.321]:
1. When the Scheduling Information is sent alone:

· The power offset is configured by RRC and the maximum number of re-transmissions is defined by the standard
· HARQ (re)transmissions are performed until an ACK from the RLS containing the serving cell is received or until the maximum number of transmissions is reached
2. When the Scheduling Information is sent with data
· HARQ power offset for the highest priority data is used and the maximum number of transmissions among all the considered HARQ profiles associated to the MAC-d flows for the MAC-e / MAC-i PDU to be transmitted
· HARQ (re)transmissions are performed until an ACK is received, or until the maximum number of transmissions is reached
· if the UE receives an ACK from an RLS not containing the serving cell for a packet that includes scheduling information, it flushes the packet and includes the scheduling information with new data payload in the following packet
As can be seen there are less problems in case SI is transmitted alone since UE keeps doing HARQ re-transmissions as long as it gets acknowledgement from serving cell and also power offset is configurable, however case where SI is transmitted together with data is more complicated. In such case data reception is done in macro diversity mode and if cell other than serving cell acknowledges data first then SI is retransmitted with new data payload as a new data packet with less HARQ gain compared to the standalone SI case. Such a mechanism could cause severe delay or even permanent failure in SI transmission if reception performance of serving cell is much worse than some other cell in macro diversity.
Obviously increasing E-DPDCH beta factor can be used as a solution in transmission case 1 but in case 2 it would cause increased transmission power also for data payload which has been determined by E-TFC selection procedure with the constraint of maximum allowed E-DPDCH transmission power. Hence there is a high possibility that maximum transmission power determined by serving grant would be exceeded. Also E-DCH data other than SI is received in macro diversity mode, which would further affect the outer loop power control action. Hence a different solution is needed for case 2.

More insight into the problem can be gained by comparing uplink packet error rates of macro diversity UEs in each cell before selection combining. Related simulation results can be seen in Figure 1 - Figure 2. In these figures “primary PER” and “secondary PER” refer to UL packet error rates of the serving cell link and the best non-serving cell link in the radio link sets respectively. Note that the serving cell chosen in the simulations is the best cell in the downlink perspective i.e. transmission power of node B affects the selection as usual. The “Total PER” refers to packet error rate obtained by applying the selection diversity combining. The HetNet scenario results are further divided into several groups e.g.:

· “Macro-LPN HO UEs”: Primary (best) cell for UE is macro cell and secondary (second best) cell is LPN cell. 

· “LPN-Macro HO UEs”: Primary (best) cell for UE is LPN cell and secondary (second best) cell is macro cell. 
· “Macro HO UEs”: All UEs where primary cell is macro cell 

· “LPN HO UEs”: All UEs where primary cell is LPN cell 

· “HO UEs”:  all handover UEs in HetNet scenario

In the section above it was assumed that UEs in soft handover between macro and LPN cell could have a problem in SI reception and indeed “Macro-LPN HO UEs” has much higher packet error rate than the rest of the cases. The PER degrades when transmission power difference between node Bs in hand over gets higher. The problem can be somewhat mitigated by applying Cell Individual Offset (CIO) but there is an upper limit to CIO value that can be used.
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	Figure 1 Uplink packet error rate for two best cells with 37dBm node B Tx power and 0dB CIO
	Figure 2 Uplink packet error rate for two best cells with 37dBm node B Tx power and 6dB CIO


--------------------------------------------------------Text Omitted------------------------------------------------------------------------
7.1.3 Rel-12 Enhancements

--------------------------------------------------------Text Omitted------------------------------------------------------------------------
E-TFC Selection Backoff for UL Scheduling Information
Transmit power imbalance between macro node and LPN causes performance issue in case where uplink scheduling information is transmitted with data payload in E-DPDCH. In such case it would be better to avoid boosting E-DPDCH power due to relatively high data rate which would result in high overall transmit power. One way to avoid that would be using power backoff in E-TFC selection so that the resulting TB size would be lower and hence higher coding gain would be obtained. Another benefit of this method is that it causes less RoT variation than boosting E-DPDCH power. This procedure can be either UE or network controlled. The relative grant signalling is one such network controlled mechanism that already exists. A UE controlled procedure could be to reduce the serving grant by a factor proportional to the difference in instantaneous and average DPCCH power. To further improve performance the application of backoff can be combined with serving cell only HARQ acknowledgement where subframe is assumed to be correctly received after acknowledgement is received from the serving cell.  
Applying E-TFC selection backoff improves code rate of SI but at the same time reduces payload data rate. If applied backoff is too small then packet error rate of SI in the serving cell remains too high and scheduling algorithm can not reliably track the buffer status of the UE. If too high backoff value is applied then the achieved payload data rate can get lower than in the baseline homogeneous network case. However in such case the SI PER is below the baseline level. Actual value of backoff used in each case needs to be optimized taking into account e.g. transmission power of LPN, used CIO value and the HARQ acknowledgement mode used.
Despite the method used for maintaining backoff, applying it would change the uplink BLER. Hence usage of backoff should be somehow taken into account in the uplink power control operation. The easiest way to do that would be ignoring subframes where SI is transmitted when uplink SIR target is updated for outer loop power control. 

Due to the change in E-TFC selection behaviour and the possible additional signalling required this scheme is limited to Rel-12 UEs only.
--------------------------------------------------------Text Omitted------------------------------------------------------------------------
3 Conclusion
We propose to agree the text proposal provided in this contribution on transmission of Scheduling Information (SI) in context of UMTS heterogeneous networks study and capture it in TR [4].

4 References

[1] RP-121436, Study on UMTS Heterogeneous Networks, 3GPP Work Item Description, Huawei
[2] R1-130472, Discussion and Simulation Results on Transmission of Uplink Scheduling Information in UMTS Heterogeneous Networks, Renesas Mobile Europe Ltd.
[3] R1-132155, Simulation Results on Transmission of Uplink Scheduling Information in UMTS Heterogeneous Networks, Renesas Mobile Europe Ltd.

[4] R1-131710, TR 25.800 v0.2.0 on UMTS Heterogeneous Networks, Huawei, HiSilicon
