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1
Introduction

This contribution contains input to the conclusions and recommendations section of TR 45.912. Each proposal is compared to the objectives. Downlink enhancements are discussed in section 2, uplink enhancements in section 3 and latency enhancements in section 4. Section 5 contains proposed text for TR 45.912.
2
Downlink enhancements

2.1
New modulation schemes and turbo codes
Downlink Performance

· Spectrum efficiency gain: 40-60%. Tdocs GP-060258 and GP-060784 shows values of ~40%, ~50%, ~60% and ~80% depending on scenario. The value ~80% may be a bit optimistic since the session bit rate requirement is chosen a bit too high.
· Peak data rate increase: 33%. With MCS-11, the peak data rate increase can be 33% (or slightly more or less depending on the balance between header and payload robustness).
· Sensitivity increase in DL: Not applicable.
· Bit rate gain at cell border: FFS. Possibly if GMSK modulated MCS:s are replaced by 8PSK modulated, turbo coded ones.
Compatibility

· Coexist with existing legacy frequency planning: Yes.
· Coexist with legacy MS: Yes. USF issues are the same as for EGPRS versus GPRS and can be solved with the same methods.
· Avoid HW impacts on BSS: FFS. Yes according to Ericsson, different opinions from different companies for regular (square 16QAM). Alternative modulations can be used to simplify implementation. 
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes. 16QAM and turbo codes can be used for data timeslots in DTM.
· Applicable for the A/Gb mode: Yes.
Others

· Feasible MS implementation: Yes.
3
Uplink enhancements

3.1
New modulation schemes and turbo codes
Uplink Performance

· Spectrum efficiency gain: 40-60%. See section 2.1.

· Peak data rate increase: 33%. See section 2.1.
· Bit rate gain at cell border: FFS. See section 2.1.
Compatibility

· Coexist with existing legacy frequency planning: Yes.
· Coexist with legacy MS: Yes.
· Avoid HW impacts on BSS: FFS. Yes for 16QAM (other companies may say no though – alternative modulations need to be evaluated). FFS for turbo codes for high MCS.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes.
· Applicable for the A/Gb mode: Yes.
Others

· Feasible MS implementation: Yes.
3.2
Dual carrier

Uplink Performance

· Spectrum efficiency gain: 0
· Peak data rate increase: 100%. The peak rate is doubled with two carriers.

· Bit rate gain at cell border: FFS. Depends on MS output power.
Compatibility

· Coexist with existing legacy frequency planning: FFS. An unrestricted (in terms of carrier spacing) dual-carrier terminal can coexist with legacy frequency planning. The system impact of a restricted mode is FFS.
· Coexist with legacy MS: Yes. There are no multiplexing issues.
· Avoid HW impacts on BSS: Yes.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes.
· Applicable for the A/Gb mode: Yes.
Others

· Feasible MS implementation: FFS. Possible. Intermodulation products need to be further addressed.
3.3
New burst formats and aggregated timeslots

Uplink Performance

· Spectrum efficiency gain: FFS. BLER performance for high MCS must be evaluated. Raw BER results indicate that the losses are too large at the required raw BER (<1%).
· Peak data rate increase: <42%.

· Bit rate gain at cell border: FFS.
Compatibility

· Coexist with existing legacy frequency planning: Yes.
· Coexist with legacy MS: Yes. Uplink only.
· Avoid HW impacts on BSS: FFS.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes. But it may limit the possible DTM allocations.
· Applicable for the A/Gb mode: Yes.
Others

· Feasible MS implementation: FFS.
3.4
Dual symbol rate and Modified Dual symbol rate
Uplink Performance

· Spectrum efficiency gain: FFS. System simulations are needed to determine the spectral efficiency gain.
· Peak data rate increase: 100%. 50% increase due to increased symbol rate increase of plus 33% increase due to higher order modulation = 100%.
· Bit rate gain at cell border: FFS. Realistic implementation impairments (especially for two-transceiver implementations) need to be taken into account.
Compatibility

· Coexist with existing legacy frequency planning: No. Not in general. Possibly in some scenarios with sufficient power backoff of the DSR transmitter and IRC available.
·  Coexist with legacy MS: Yes.
· Avoid HW impacts on BSS: No. According to most network vendors.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes. DSR could be used for the data timeslots if the switching between DSR and 200 kHz transmission is fast.
· Applicable for the A/Gb mode: Yes

Others

· Feasible MS implementation: FFS. Terminal implementation issues (especially requirements on RF) have not been addressed.
4
Latency enhancements

4.1
Reduced TTI
Downlink Performance

· Spectrum efficiency gain: FFS. A spectrum efficiency gain is expected for services with latency requirements since a reduced latency means that (more) retransmissions are possible within the delay budget. This implies that a more aggressive LQC can be used, which increases spectrum efficiency.
· Bit rate gain at cell border: FFS. Having a more aggressive LQC would increase the bit rate at the cell border.

Uplink Performance

· Spectrum efficiency gain: FFS. Same as for downlink.
· Bit rate gain at cell border: FFS. Same as for downlink.
Latency
· Initial RTT < 450 ms: Not applicable.
· RTT < 100 ms: Yes. With a 10 ms TTI, more than 40% of the Ping samples reaches below 100ms in a bad radio environment as shown in Tdoc G2-060186. 
Compatibility

· Coexist with existing legacy frequency planning: Yes.
· Coexist with legacy MS: Yes. Multiplexing losses are minor according to Tdoc G2-060186. 
· Avoid HW impacts on BSS: Yes.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes.
· Applicable for the A/Gb mode: Yes.

Others

· Feasible MS implementation: Yes.
4.2
Improved Ack/Nack reporting
Downlink Performance

· Spectrum efficiency gain: FFS. A spectrum efficiency gain is expected for services with latency requirements since a reduced latency implies that (more) retransmissions are possible within the delay budget. This implies that a more aggressive LQC can be used, which increases spectrum efficiency. Using shorter Ack/Nack reports that could be piggybacked would further enhance the spectrum efficiency.  

· Bit rate gain at cell border: FFS. Having a more aggressive LQC would increase the bit rate at the cell border.

Uplink Performance

· Spectrum efficiency gain: FFS. Same as for downlink.

· Bit rate gain at cell border: FFS. Same as for downlink.
Latency
· Initial RTT < 450 ms: Not applicable.
· RTT < 100 ms: No. Not by itself, but in certain scenarios, it can help to reduce latency.
Compatibility

· Coexist with existing legacy frequency planning: Yes.
·  Coexist with legacy MS: Yes.
· Avoid HW impacts on BSS: Yes.
· No NW architecture impacts: Yes.
· Applicable for DTM: Yes.
· Applicable for the A/Gb mode: Yes.
Others

· Feasible MS implementation: Yes.
5 
Conclusions and recommendations

Within a relatively short period of time, a significant amount of different proposals have been put forward to determine the next steps of GERAN evolution. The general viability of proposals can be determined by comparing how those fit with the given objectives in chapter 4, which are summarised in Table 1. Conclusions and recommendations for downlink, uplink and latency enhancements are summarised in chapters 5.1, 5.2, 5.3 and 5.4.
Numbers in Table 1 refer to the related chapter of this feasibility study report. Some performance objectives e.g. “balanced performance improvements” are considered as general objectives and thus not included in the table.  Downlink and uplink performance objectives are separated, since most of the proposals are meant only for one link. 
Table 1 Comparison of different proposals versus performance and compatibility objectives
	Proposals
	6. 

MS Receiver Diversity
	7. Dual-carrier for DL
	7. Dual-carrier for

UL
	8+13. 

New modulation schemes (16-QAM) plus Turbo Codes
	9.

Dual symbol rate and Modified dual symbol rate
	10. Latency enhancements: Reduced TTI
	10. Latency enhancements: Improved Ack/Nack reporting
	11. New burst structures and new slot formats
	12.

Adaptation between MS diversity and dual-carrier for DL
	14.

Enhancements to resource allocation
	15. Power Control in Frequency Hopping

	Downlink performance
	
	
	
	
	
	
	
	
	
	
	

	Spectrum efficiency gain
	>50%
	0%
	N.A.
	40-60%
	N.A.
	FFS*
	FFS*
	N.A.
	FFS
	N.A.
	FFS

	Peak data rate increase
	0%
	100%
	N.A.
	33%
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	Sensitivity increase in DL
	>3 dB
	0%
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	FFS
	N.A.
	N.A.

	Bit rate gain at cell border
	>50%
	100%
	N.A.
	FFS
	N.A.
	FFS*
	FFS*
	N.A.
	FFS
	N.A.
	N.A.

	Uplink performance
	
	
	
	
	
	
	
	
	
	
	

	Spectrum efficiency gain
	N.A.
	N.A.
	0%
	40-60%
	FFS
	FFS*
	FFS*
	FFS
	N.A.
	N.A.
	N.A.

	Peak data rate increase
	N.A.
	N.A.
	100%
	33%
	100%
	N.A.
	N.A.
	<42%
	N.A.
	<25%
	N.A.

	Bit rate gain at cell border
	N.A.
	N.A.
	FFS
	FFS
	FFS
	FFS*
	FFS*
	FFS
	N.A.
	N.A.
	N.A.

	Latency
	
	
	
	
	
	
	
	
	
	
	

	Initial RTT < 450 ms
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	RTT < 100 ms
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.
	Y
	N
	N.A.
	N.A.
	N.A.
	N.A.

	Compatibility
	
	
	
	
	
	
	
	
	
	
	

	Coexist with existing legacy frequency planning
	Y
	Y
	FFS
	Y
	No
	Y
	Y
	Y
	Y
	Y
	Y

	Coexist with legacy mobile stations
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Avoid HW impacts on BSS 
	Y
	Y
	Y
	FFS
	N
	Y
	Y
	FFS
	Y
	Y
	Y

	No NW architecture impacts
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Applicable for DTM
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	FFS
	Y

	Applicable for the A/Gb mode
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Other
	
	
	
	
	
	
	
	
	
	
	

	Feasible MS implementation
	
	
	FFS
	Y
	FFS
	Y
	Y
	FFS
	
	
	


* for low-delay services

5.1 Conclusions and recommendations for Downlink

A Work Item for MS receiver diversity was agreed at GERAN#27.

A Work Item for Downlink Dual Carrier was agreed at GERAN#28.
Adaptation between MS diversity and dual-carrier for downlink is part of the agreed work items.
Power Control in Frequency Hopping is seen as too complicated in relation to expected gain and is thus not seen as feasible.
5.2 Conclusions and recommendations for Uplink

Uplink Dual Carrier meets all the compatibility requirements for GERAN Evolution and is thus seen as a feasible option for uplink improvements. 

Dual symbol rate and Modified dual symbol rate are expected to have severe impact on legacy frequency planning as well as on legacy network hardware. Hence this is not seen as a feasible option for uplink enhancement. 
New burst structures and new slot formats and Enhancements to resource allocation are seen as too complicated in relation to expected gain and are thus not seen as feasible.

5.3 Conclusions and recommendations for Downlink and Uplink

16QAM + Turbo Codes gives significant improvements in both downlink and uplink and is thus seen as a feasible option for both downlink and uplink improvements.
5.4 Conclusions and recommendations for Latency enhancements

Reduced TTI and Improved Ack/Nack reporting fulfil the applicable objectives and both are seen as necessary.



