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1. Introduction

TSG RAN currently develops the specification for the REL 6 E-DCH feature and [2] captures the status in WG1 regarding the physical layer aspects.

In RAN4 meeting #32, contributions [4,5] provided inputs related to developing E-DCH performance requirements for the Node B and UE. This contribution continues the discussion regarding E-DCH performance requirements for the Node B and UE.

As E-DCH is a feature to improve the UTRA uplink performance it is expected that most of the E-DCH performance requirements will need to be developed for the Node B rather than the UE.

Compared to Rel’99/Rel 5 DCH, the E-DCH feature introduces the following new aspects, which need to be considered when defining performance requirements:

1. E-DCH Physical Channel Structure for Data Transmission – E-DPDCH will be a code multiplexed channel with SF64/32/16/8/4/2. Data rates that do not fit into one SF4 code may use either SF2 or 2xSF4 as a network option. Data rates up to 6xSF4 (or 2xSF2+2xSF4) are supported when DCH is not configured. Data rates up to 4xSF4 (or 2xSF2) are supported if DCH is configured. A new E-DPDCH subframe structure supporting 2 ms and 10 ms TTI will be defined.
2. E-DCH Physical Channel Structure for Uplink Control Signalling – in order to support the operation of the E-DPDCH, there will be on uplink the E-DPCCH carrying the following information (details are still open in WG1): E-TFI, HARQ related information such as the RSN (from which the NDI and RV can be derived) and scheduling related information such as rate requests. The E-DPCCH will be code multiplexed as a SF128 or SF256 channel (TBD). For 2 ms TTI a 2 ms sub-frame structure is used, for 10 ms TTI this structure is either repeated 5 times or something 10 ms specific may be introduced. The Rel'99 DPCCH will always be present and power control of E-DPCCH/E-DPDCH powers will be relative to the UL DPCCH power. The E-DPCCH misdetection requirement from RAN WG2 is 10^-3.

3. E-DCH Physical Channel Structure for Downlink Control Signalling - the downlink will transmit HARQ ACK/NACK and Relative Grants (up/down/hold) on the same SF128 code channel.  The ACK/NACK and Relative Grant bits are separated by using one slot long orthogonal signature sequences. The one slot long signature sequence is repeated up to the TTI length (for 2 ms three times, for 10 ms TTI 15 times or less (TBD)). The ACK/NACK mapping is still open, possible options include  +1/DTX/-1 or +1/-1 or +1/DTX. The Relative Grants are mapped as +1/DTX/-1, where the 'hold' state for the scheduler's Relative Grants is indicated with DTX. 
Downlink Absolute Grants will be send on another SF128|SF256 (TBD) code channel with multiplexing using an UE specific 16-bit CRC (similar to HS-SCCH). The message is send in one part, basic structure is 2 ms. For 10 ms TTI the 2 ms structure is kept and it may be repeated 5 times (TBD). Convolutional 1/3 coding and QPSK modulation is used. The actual content of the Absolute Grant channel is TBD.

Downlink Control Channel naming:

· E-HICH, E-DCH HARQ ACK Indicator Channel

· E-RGCH, E-DCH Relative Grant Channel

· E-AGCH, E-DCH Absolute Grant Channel

4. E-DCH specific mapping of transport blocks onto physical channels, Rate Matching, Interleaving - Details regarding the E-DCH transport block sizes and the mapping onto E-DPDCH channel bits are still open in WG1. There could be a fixed or dynamic mapping based on Rel’99 algorithms. There will be two puncturing limits (R'99 PL and additional PL for the non-maximum number of code channels (according to UE and UTRA limitations)). Single stage rate matching (2nd stage of HSDPA as per TS 25.212) will be adapted for the E-DCH; HARQ bit collection will be done with Nrow=2 for QPSK and Nrow=1 for BPSK depending on the E-TFC and RV.

5. Physical layer HARQ functionality -  4 different RVs (2 self decodable and 2 non-self decodable) will be defined. The order in which to use them is TBD. Higher layer signalling is used to control the maximum number of RVs the UE shall use. The # of HARQ processes and the maximum # of re-transmissions are TBD.
6. E-DCH specific Physical Layer Procedures - Absolute Grants are sent from only one cell in the UE's active set; Relative Grants (up/down/hold) may be sent from multiple cells in the UE's active set. The interpretation of the relative grants from the non-serving cells and the absolute grant from the serving cell is TBD. Whether the UE shall treat each relative grant from a non-serving cell separately or combine multiple consecutive relative grants from one non-serving cell is TBD. The rule how to combine relative grants from multiple cells is TBD. It is TBD whether a grant controls the maximum (E-DPDCH+DPDCH) / DPCCH power ratio or the maximum E-TFC the UE may use in a TTI.

The focus areas for development of E-DCH performance requirements are proposed to be as follows:

1. E-DCH demodulation performance with HARQ (Node B)

2. Demodulation performance of E-DCH Control Signalling (Node B, UE)

3. E-TFC selection (UE)

2. Node B Performance Requirements

3.1 Re-use of Rel’99, Rel 5 testing areas and methodologies

When looking at the Rel’99 and Rel 5 Node B performance requirements and conformance tests in TS 25.104 and TS 25.141 for DCH, the following can be noted:

a. Four Measurement channels (12.2, 64, 144, 384 kbps) are used for defining DCH demodulation performance
b. There are requirements (tests) for Node B with and without RX diversity
c. Typically 2 BLER operating points are used
d. Five
 (including AWGN) Multi-path fading propagation channels are used for covering DCH demodulation performance (AWGN, ‘Case 1’, ‘Case 2’, ‘Case 3’, ‘Case 4’).
e. Inner loop TPC is not enabled 
f. Outer loop TPC is not covered (can be only observed at RNC)
g. DCH performance under SHO conditions (including MDC functionality) is not covered (can be only observed at RNC)
h. There are no performance requirements for UL (or DL) packet schedulers
i. Performance of ACK/NACK detection for HS-DPCCH is covered with a total of 8 test points

Related to aspects a., b., c. and d., Table 8.1 from TS 25.104 is copied here and provides a summary of the DCH performance targets (excluding ‘Case 4’). As can be seen, there are currently 62 test points
 defined for the DCH and this may provide some benchmark for the amount of E-DCH performance targets to be established.

Table 8.1: Summary of Base Station performance targets (from TS 25.104)

	Physical channel
	Measurement channel
	Static
	Multi-path

Case 1
	Multi-path

Case 2
	Multi-path

Case 3
	Moving
	Birth /

Death

	
	
	Performance metric

	DCH
	12.2 kbps
	BLER<10-2
	BLER<10-2
	BLER<10-2
	BLER<10-2
	BLER<
	BLER<

	
	64 kbps
	BLER< 

10-1,10-2
	BLER< 

10-1, 10-2
	BLER< 

10-1,10-2
	BLER< 

10-1, 10-2,10-3
	BLER<
	BLER<

	
	144 kbps
	BLER< 

10-1,10-2
	BLER< 

10-1,10-2
	BLER< 

10-1,10-2
	BLER< 

10-1, 10-2,10-3
	-
	-

	
	384 kbps
	BLER< 

10-1,10-2
	BLER< 

10-1,10-2
	BLER< 

10-1,10-2
	BLER< 

10-1, 10-2,10-3
	-
	-


Regarding aspect b., it is expected that also E-DCH demodulation performance will differ significantly depending on whether RX diversity is available or not. Hence, E-DCH demodulation performance will need to be developed also for the case without RX diversity.

Aspects f. and g. are fundamental for the chosen testing philosophy in TS 25.141: DCH performance requirements are established at the Node B and not the RNC. Deviating from this approach would manifest itself as a discontinuity, in terms of required equipment, complexity of the test conditions and setup, required test SW etc. As the E-DCH capabilities and performance are a moderate evolution step from the DCH such a discontinuity is not warranted. 
Regarding aspect h., it can be noted that with E-DCH the location of the packet scheduler is moved from the RNC to the Node B and that the scheduler has to react on information provided by L1 (UE rate requests). However, it may be difficult to agree upon performance criteria for the scheduler as there are a number of conflicting objectives which would need to be considered such as RoT with low variance, scheduling fairness, meeting QoS delay targets, supporting GBR services, etc. Introducing testing of the scheduler would also comprise a discontinuity in terms of the complexity of the setup (e.g. multiple UE emulations would be needed) and should be avoided.
Aspects d., e. and i. will be addressed in more detail in the following.

Proposal for E-DCH requirements and tests:

· Test E-DCH demodulation performance also for the case without RX diversity

· Outer loop TPC is not tested in conjunction with E-DCH
· E-DCH demodulation performance under SHO conditions (including MDC functionality) is not covered
· no performance requirements / tests for E-DCH packet scheduler 
3.2 Multi-path fading propagation conditions

The issues of selecting the Multi-path fading propagation conditions and whether TPC is ‘on’ or ‘off’ are connected and should be decided in one package. The impact of the multi-path fading propagation conditions on E-DCH demodulation performance will substantially depend on whether TPC is ‘on’ or ‘off’, e.g. with TPC = ‘on’ the PB3 channel will lead to worse performance than PA3, while with TPC = ‘off’ this will be the other way around.

In order to get started, we first discuss the choice for Multi-path fading propagation conditions from a more “realistic” system operating point of view, i.e. under the assumption of TPC = ‘on’.

TS 25.309 ([3]) states that full mobility shall be supported by E-DCH, i.e., mobility should be supported for high-speed cases also, but optimisation should be for low-speed to medium-speed scenarios. This is essentially the same requirement as for HSDPA.

During work on the HSDPA UE performance requirements in TS 25.101, it was decided to move away from the DCH ‘Case x’ Multi-path fading propagation channels towards the ITU propagation channels (PA3, PB3, VA30, VA120). With HSDPA, performance (throughput) is affected by channel conditions, in particular, for higher G-factors and higher order modulation schemes (16QAM). It was felt that a more representative suite of fading propagation channels should be chosen. The ITU models, slightly modified, were also used in [1].

While any propagation environment is, of course, identical for uplink and downlink, the sensitivity to the respective system performance may not necessarily be so. In fact, E-DCH uses neither higher order modulation nor is the Node B reception performance dependent on the G-factor
 (due to TPC).  Unlike HSDPA, E-DCH performance is therefore expected to less sensitive to assumptions regarding multipath delay profiles.

Figures 1 & 2 provide a comparison of the E-DCH throughput curves for the ‘Case 1’ vs. PA3 and ‘Case 2’ vs. PB3 channel conditions using TPC, HARQ and a very simple 3-slot averaging channel estimator (detailed simulation conditions can be found in Annex B):
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Figure 1: Throughput comparison between Pedestrian A (modified) and Case 1.
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Figure 2: Throughput comparison for Pedestrian B and Case 2 channels.
While the difference is marginal when comparing ‘Case 1’ vs. PA3, some 2 dB difference is noted when comparing ‘Case 2’ vs. PB3 channel conditions. The ‘Case 2’ channel with 3 equal-strength taps suffers higher losses from non-ideal RAKE combining than PB3, however, this difference is expected to be smaller if a more realistic (better) channel estimator is used. It can also be noted that the throughput does not differ significantly between PA3 when compared with PB3.

Sensitivity to multipath delay profiles can also be investigated by comparing the DCH and E-DCH short-term link level simulation results contained in [1] for the PA3 and PB3 channels. These results are copied here for convenience into Annex A.

In summary, from E-DCH performance point of view with TPC = ‘on’, there appears to be little motivation to replace the ‘Case x’ Multi-path fading propagation channels of TS 25.104/141 by the ITU propagation channels (PA3, PB3, VA120). 
While the choice of the channel conditions for E-DCH conformance testing is not seen as critical for tester development, it is preferred to stay with the existing ‘Case x’ channels, unless some rational to do otherwise becomes apparent, hence the 

Proposal in case TPC = ‘on’ is selected:  use the existing Multi-path fading propagation channels of TS 25.104/141:  [AWGN], ‘Case 1’, ‘Case 2’, ‘Case 3’.

Note 1: while simulation results for the AWGN channel are needed in order to align simulators, it should be discussed whether AWGN is really needed for E-DCH performance requirements/testing.

On the other hand, if TPC is elected to be ‘off’ the fading characteristics of the E-DCH signal presented to the receiver will be significantly altered. Therefore any advantage in realism, which the ITU channel models may possess, will be diminished.

Hence, also for the case that TPC is elected to be ‘off’ there appears to be neither any advantage in using ITU channel models over the existing Multi-path fading propagation channels of TS 25.104/141.
Proposal in case TPC = ‘off’ is selected:  use the existing Multi-path fading propagation channels of TS 25.104/141:  AWGN, ‘Case 1’, ‘Case 2’, ‘Case 3’.

Note: the simulation results for the AWGN channel should be used in this case for E-DCH performance requirements/testing as they would well represent a non-fading RX signal similar to the case of low speed channels (Case 1,2) with TPC.

3.3 Transmission Power Control

Whether TPC is ‘on’ or ‘off’ will significantly alter the fading characteristics of the E-DCH signal presented to the receiver and hence demodulation performance. The following issues need to be considered:

a. Suitability as test stimulus for HARQ.

b. If TPC is ‘on’ the TPC feedback channel on the DPCCH needs to be provided to the UE simulator. If feedback channels for E-DCH Downlink Control Signalling (e.g. ACK/NACK) are also required, this may not introduce significant additional complexity to the test.

c. If TPC is ‘on’, the transmitted Eb at the UE emulator should be measured, instead of the received Eb/No at the Node B as in current tests

d. If TPC is ‘on’, the SIR-setpoint at the Node B needs to be manipulated
 in order to produce the appropriate transmit Eb/No at the UE emulator

Regarding aspect a., Figures 3 & 4 provide the throughput gain from HARQ for the cases of TPC on & off, for ‘Case 1’, respectively ‘Case 2’ channel conditions. As can be seen, also with TPC = ‘off’, there is a significant throughput gain of HARQ across a wide range of SIR operating points. Throughput gains from HARQ as a function of the SIR operating point show the same trend as for the case with TPC = ‘on’.

Figures 5 shows the BLERs of consecutive transmissions with and without power control for the 0.4 normalized throughput point for ‘Case 1’ channel conditions. Due to the long duration of fades, the case without power control emphasises a higher number of transmissions compared to the case with TPC = ‘on’ and could be considered as more “aggressive” test stimulus for HARQ operation.

As the case TPC = ‘off’ provides appropriate test stimulus for HARQ operation and simplifies the definition of E-DCH test conditions as well as UE emulator development we make the

Proposal: Use TPC = ‘off’.
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Figure 3: ‘Case 1’,  throughput as function of SNR with and without TPC and HARQ/CC
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Figure 4: ‘Case 2’ throughput as function of SNR with and without TPC and HARQ/CC
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Figure 5: BLERs of consecutive transmission with and without power control (HARQ ON).

3.4 Demodulation Performance of E-DCH

Test setup for HARQ

Figure B.14 from TS 25.141 shows the functional setup for testing demodulation of DCH in multipath fading conditions for BS with Rx diversity. This is an “open loop” setup with no signal path from the Node B to the tester.

Figure 6 shows a modified “closed loop” setup for testing HARQ with the E-HICH channel fed back to the BS tester (UE emulator), similar to the approach chosen for HSDPA performance testing. As a minimum, the BS tester would need to contain functionality for

a. Generating the DPCCH, E-DPDCH, E-DPCCH channels

b. Generating packets for E-DCH reference measurement channels (assuming “buffer full” conditions)

c. Demodulating the E-HICH (ACK/NACK) channel; sufficient power may be allocated to the E-HICH so that the reception is essentially error free

d. Responding to ACK / NACK commands by appropriate packet re-transmissions and RSN signalling on the E-DPCCH
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TS 25.141, Figure B.14: Functional Set-up for Demodulation of DCH, RACH and CPCH in multipath fading conditions for BS with Rx diversity
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Figure 6: Test setup for HARQ with E-HICH feedback (TPC = ‘off’)

While the setup in Fig. 6 appears to be more naturally matched to HARQ operation, the impact of implementing the “feedback” functionality c. and d. within the BS tester should be examined.

Alternatively, the “open loop” setup of Figure B.14 may also be used for testing HARQ. This could be accomplished by having the BS tester perform autonomously packet retransmissions, either according to a deterministic pattern or pseudo-randomly according to some probabilistic model. An added benefit of this setup is that the test coverage would also include the impact of ACK/NACK misdetection and SHO on HARQ operation:

1. packets may often not be re-transmitted, even though they have been received in error (i.e. a NACK would have been send). This corresponds to the event of NACK->ACK misdetection at the UE, or to the likely case in SHO operation, where another Node B has sent an ACK to the UE. The Node B is expected to reset the HARQ buffer in this case.

2. packets may be re-transmitted, even though they have already been received correctly (i.e. an ACK would have been send). This corresponds to the event of ACK->NACK misdetection at the UE. The Node B is expected to discard the packet in this case.

Both cases are HARQ recovery actions for common error modes of the HARQ protocol and would typically not be tested in a “closed loop” scheme with reliable demodulation of the E-HICH. As in the “closed loop” approach, the required output of this test could be the amount of correctly delivered packets (throughput) at a given Eb/No operating point.

In order to further investigate the feasibility of this “open loop” approach to HARQ testing, the following aspects would need to be studied:

a. HARQ gains for suitable autonomous packet retransmissions schemes and Eb/No operating points for the given multipath channel conditions

b. Impact on E-DCH testing times due to frequent unnecessary packet retransmissions

Figure 7 contains some initial results for this approach of HARQ testing without E-HICH feedback for the Case 1 channel with TPC = ‘off’ and should be compared with Fig. 4. The pattern used here for the autonomous packet retransmissions was to transmit every packet 4 times. As can be seen, there are also in this case significant throughput gains from HARQ if the Eb/No operating point is chosen appropriately low.
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Figure 7: Test setup for HARQ without E-HICH feedback (TPC = ‘off’)

Proposal: study the feasibility of the “open loop” approach to HARQ testing; if this is found viable adopt it instead of the “closed loop” approach in order to simplify BS tester development.

E-DCH reference measurement channels

The concept of  “reference measurement channels” as used for testing DCH demodulation performance could be used also for E-DCH. Similar to the format of TS 25.104, Table A.1, the following Table 1 provides tentative parameters required for definition of E-DCH Reference measurement channels:

Table 1: Parameters for E-DCH Reference measurement channels
	Parameter
	E-DCH
	Unit

	E-DPDCH
	Nominal Information bit rate
	Tbd
	Kbps

	
	Physical channel bit rate
	Tbd
	Kbps

	
	Spreading factor
	Tbd
	

	
	Information bit payload
	Tbd
	Bits

	
	Number of Code Blocks
	Tbd
	Blocks

	
	Number of E-DPDCHs
	Tbd
	

	
	TTI length
	[10, 2]
	ms

	
	Coding Rate
	Tbd
	

	
	Number of HARQ Processes
	Tbd
	Processes

	
	Inter-TTI Distance
	Tbd
	TTIs

	
	RV sequence
	Tbd
	

	
	Power control
	[on, off]
	

	
	E-TFCI
	[on]
	

	E-DPCCH
	RSN
	Tbd
	bit/subframe

	
	E-TFCI
	Tbd
	bit/subframe

	
	Rate Requests
	Tbd
	bit/subframe

	
	Spreading factor
	[128, 256]
	bit/subframe

	DPCCH
	Dedicated pilot
	[6]
	bit/slot

	
	Power control
	[2]
	bit/slot

	
	Spreading factor
	256
	

	Power ratio of 

DPCCH/E-DPDCH
	Tbd
	dB

	Amplitude ratio of DPCCH/E-DPDCH
	Tbd
	

	Power ratio of 

DPCCH/E-DPCCH
	Tbd
	dB

	Amplitude ratio of DPCCH/E-DPCCH
	Tbd
	


In the following some of these parameters are discussed further:

· TTI length. Reference measurement channels are required for both, 10 ms and 2 ms TTI lengths. It is proposed to define an equal amount of reference measurement channels for both TTI lengths.
· Nominal Information bit rate. DCH demodulation performance is tested for information bit rates in the range of 12.2 … 384 kbps. As E-DCH evolves the DCH, the range of tested information bit rates should be shifted towards the higher end. RAN WG1 has not yet decided on the details of the mapping of TBs to physical channels, hence no detailed proposal can be made yet. However, in order to get a first idea Table 2 provides tentative Nominal Information bit rates for the 10 ms and 2 ms TTI assuming a resolution of 3 reference measurement channels / TTI length and the given coding rates (examples shown for the SF4 path):

Table 2. Tentative Reference measurement channels for 10 ms and 2 ms TTI (example shown for the SF4 path)

	Nominal Information bit rate
	 480 kbps / 10 ms TTI
	 672 kbps /    2 ms TTI
	 960 kbps / 10 ms TTI
	 1344 kbps /  2 ms TTI
	 1920 kbps / 10 ms TTI
	2688 kbps /  2 ms TTI

	Number of E-DPDCHs
	1
	2
	4

	Spreading factor
	4
	4
	4

	Physical channel bit rate
	960 kbps
	1920 kbps
	3840 kbps

	Coding Rate, 1st TX (assumption)
	0.5
	0.7
	0.5
	0.7
	0.5
	0.7


· RV sequence. In order to limit the amount of test points, it is proposed to enable HARQ only with IR (not CC) for these reference measurement channels.
· Coding Rate. Assuming HARQ with IR, the coding rate for the 1st transmission should be relatively high. RAN WG1 has typically assumed higher coding rates for the 2 ms TTI than the 10 ms TTI, as a higher average of number of retransmissions has a relatively smaller impact on the RTT for the 2 ms TTI, see the link performance assumptions in [1]. With different coding rate assumptions for the 2 ms and 10 ms TTI, the granularity of E-DCH Information bit rate test points can be increased, see Fig. 2.
· Number of E-DPDCHs, Spreading factor. RAN WG1 has the working assumption that data rates that do not fit into one SF4 code may use either SF2 or 2xSF4 as a network option. It is foreseen that reference measurement channels need to be defined for both, the SF4 and SF2 path whenever applicable. 
E-DCH demodulation performance requirements

Borrowing from HSDPA the concept of throughput tests at specified Eb/N0 operating points, the following provides a way forward in formulating E-DCH demodulation performance requirements (based on the DCH specifications in TS 25.104). It is assumed that only one Eb/N0 operating point will be sufficient for testing E-DCH HARQ operation:
Demodulation of E-DCH in multipath fading conditions

Multipath fading Case X

The performance requirement of E-DCH in multipath fading Case X is determined by the minimum information bit throughput R which must be achieved when the receiver input signal is at a specified Eb/N0  limit. The information bit throughput R is calculated for each of the measurement channels supported by the base station.

Minimum requirement

The information bit throughput R shall be larger than the minimum limit for the Eb/N0 specified in Table xxx.

Table xxx: Performance requirements in multipath Case X channel

	Measurement channel
	Received Eb/N0

For BS with Rx diversity
	Received Eb/N0

For BS without Rx diversity
	Required minimum T-put R (kbps)

	X1 kbps
	 V1 dB
	W1 dB
	Z1 kbps

	X2 kbps
	 V2 dB
	W2 dB
	Z2 kbps

	X3 kbps
	 V3 dB
	W3 dB
	Z3 kbps

	…
	…
	…
	…


E-DCH Test Cases and coverage

Table 3 collects the various proposals / considerations from the previous sections, in order to estimate the amount of E-DCH test cases, which may need to be defined.

Table 3. Amount of E-DCH Test Cases

	Aspect
	# of cases

(multiplier)
	Comment

	Multi path Fading conditions
	4
	AWGN, Case 1, Case 2, Case 3

	BS RX diversity
	2
	With and without RX diversity

	TTI length
	2
	10, 2 ms TTI, equal amount of reference measurement channels

	Reference measurement channels / TTI
	5
	3 Reference measurement channels for SF4 path + 2 additional ones for SF2 path

	Eb/N0 operating point
	1
	Assumes that only one Eb/N0 operating point will be sufficient for testing E-DCH HARQ operation

	HARQ modes
	1
	Assumes that HARQ will be tested only with IR

	Total amount of E-DCH Test Cases
	80
	


A total amount of 80 test cases for the E-DCH feature should be compared with the 62 test cases for DCH. The high number of E-DCH test cases is a result of a number of options contained in E-DCH such as the 10 vs. 2 ms TTI length, SF4 vs. SF2 paths etc. RAN WG4 may need to investigate if and by which means this high number of E-DCH test cases could possibly be reduced or otherwise prioritised.

3.5 Demodulation Performance of Uplink Control Signalling on E-DPCCH

A sufficiently low probability of misdetection of the E-TFCI and RSN fields on the E-DPDCH is required in order to realize E-DCH throughputs. Contribution [6] considered the impact of UL signalling errors on E-DCH throughput. Poor demodulation performance of the E-TFCI and RSN fields is likely to result in noticeable throughput degradation and this is an area for further study within RAN WG4. Depending on the outcome of these studies it may be possible to test the demodulation performance of the E-TFCI and RSN fields implicitly via the E-DPDCH throughput tests. Hence, for the time being, we don’t propose to have a separate test for the demodulation performance of the E-TFCI and RSN fields.

Demodulation performance of the UE scheduling rate requests is connected to the demodulation performance of the E-TFCI and RSN fields. The E-DPCCH content will be coded in one part and transmitted with identical power, so all the bits are expected to have the same error probability / misdetection probability. The misdetection requirement from RAN WG2 for the combined 10 bit E-DPCCH content is 10^-3. No specific requirement for UE scheduling rate requests has been defined.

Also here, it is proposed for the time being not to introduce specific demodulation performance requirement for UE scheduling rate requests, but to rely on the indirect demodulation performance verification of the E-TFCI and RSN fields instead, unless this approach turns out not to be viable.

3.6 E-DCH RRM Measurements Performance

In order to support E-DCH Call Admission and Congestion Control additional E-DCH related UTRAN RRM measurements may need to be defined. Corresponding UTRAN Measurements Performance requirements are expected for TS 25.133.

Current RAN3 assumptions are [7]:

1. CRNC could configure Node B with the amount of UL interference allowed for E-DCH

2. in addition the total UL interference not to be exceeded by NodeB should be signalled

3. in addition the total E-DCH contribution to UL interference should be measured by Node B

4. measurement of the contribution to UL interference of single E-DCHs (at least the most "costly" ones ?) could be performed

Items 3. and 4. are possible candidates for UTRAN Measurements Performance requirements in TS 25.133 and need to be discussed further.

3. UE Performance Requirements

As already indicated in the introduction section we see that the demodulation performance of downlink E-DCH control signalling and E-TFC selection are the performance areas for UE, which RAN4 should focus on. This section discusses issues, which should be considered when developing these minimum UE performance requirements for E-DCH. Since the final details of the DL E-DCH control channel and expected UE behaviour are TBD, no conclusions on needed performance requirements can be made at this stage but the discussion will hopefully provide a basis for further analyses.

HARQ related signalling 

E-HICH carries the HARQ related signalling, namely ACK and NACKs. The channel structure of E-HICH has been described in [2], but the exact contents and mapping are still to be discussed. In SHO, the E-HICH is received from multiple NodeB’s carrying possibly different information relating the HARQ process status, thus the UE needs to able to determine correctly the E-DPDCH contents based on the received HARQ signalling. It is expected that receiving one reliable ACK is enough to allow transmission of a new packet but the exact functionality in SHO is still open.

From layer 1 demodulation performance point of view this channel does not differ from earlier R’99 channels, hence the testing of receiver demodulation performance may not be necessary. Furthermore, the indicator carrying H-ARQ acknowledgements on E-HICH is in principle same as for the E-RGCH. Based on these there might not be absolute necessity for a new specific test for E-HICH demodulation especially if E-RGCH is to be tested. However as the details related to the UE operation in SHO are still open, it should still be investigated further whether a new test case is needed and what kind of a test case would verify expected UE behaviour. 

Scheduling related signalling and UE scheduling operation

E-AGCH and E-RGCH include the information related to the scheduling of the uplink resource. According to [2] in non-soft handover situation there is only a single cell responsible for E-DCH scheduling, the serving cell. In soft handover, there is one serving cell and at least one non-serving cell. Two kinds of grants are defined, absolute and relative. 

The absolute grant, on E-AGCH, can be transmitted to the UE only by the serving cell. It has not been exactly defined yet how UE should function based on the information received on E-AGCH. The discussed options in RAN1 seem to indicate that the correct behaviour might be most relevant in a case where relative grants are received from several cells.

Non-serving cells and the serving cell can transmit the relative grants on E-RGCH to the UE. The relative grant received from the serving cell should be interpreted as a relative command, either to increase (UP), maintain (KEEP) or reduce (DOWN) the scheduled resource in uplink. The interpretation of relative grants received from non-serving cells and how to combine relative grants from multiple cells are still to be defined. It also still open what kind of scheduling mechanism the UE should follow based on the absolute and relative grants. 

As a proper UE behaviour in the presence of multiple scheduling grants is essential for good E-DCH operations, new minimum performance requirements area likely to be needed for UE scheduling operations and the corresponding demodulation performance. However, it would be important to know the UE scheduling operation before deciding any details of the requirements. Furthermore, the UE scheduling operations are also tightly linked to E-TFC selection, which is discussed next.

E-TFC selection
The details of E-TFC selection procedure are also still open but it has been decided that Logical channels mapped on the DCHs have higher priority than those mapped on E-DCHs. It has also been agreed that the UE first performs the TFC selection for the DCHs and after that it estimates how much power it has left for E-DCH and performs E-TFC selection. E-TFC selection is performed every E-DCH TTI while TFC selection for DCH is expected to remain untouched.

Since the UE has to be able to estimate how much power it has left for E-DCH in E-TFC selection, it is anticipated that some UE performance requirements need to be developed as well. The most suitable requirements are, however, highly dependent on the details of E-TFC selection.

4. Conclusions

This contribution discussed a number of aspects, which need to be considered for defining E-DCH performance requirements for the Node B and UE. In order to progress the work, RAN WG4 is kindly asked to further discuss these aspects and to work towards an agreement regarding simulation conditions such as the basic set-up for HARQ testing, channel model selection and TPC (on/off).
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Annex A: E-DCH short term link performance results (from [1])
E-DCH performance is expected to be fairly insensitive to multipath delay profiles, unlike HSDPA. This can be seen e.g. by comparing DCH and E-DCH link level simulation results contained in [1] for PA3 and PB3 channels (in all cases TPC on):

· [1], Table A.2.4.1, Rel-99 DCH short term link performance for data rates 8/64/128/384 kbps, TPC on, DPDCH Eb/Nt: with ideal channel estimation the difference in Eb/Nt is < 0.4 dB, with non-ideal (but comparable) channel estimation typically < 1.2 dB
Table A.2.4.1: Rel-99 short term link performance
	
	8 kbps
	64 kbps
	128 kbps
	384 kbps

	
	Non-ideal
	Ideal
	Non-ideal
	Ideal
	Non-ideal
	Ideal
	Non-ideal
	Ideal

	PA3
	2.8-3.3
	2.8
	1.8-2.0
	1.4
	1.7-1.9
	1.3
	1.4-2.0
	1.3

	PB3
	4.0-4.2
	3.0
	2.7-3.1
	1.7
	2.6-3.1
	1.6
	2.4-3.2
	1.7

	VA30
	4.0-4.6
	3.0
	2.9-3.2
	1.7
	2.7-3.1
	1.6
	2.6-3.7
	1.7

	VA120
	4.8-5.2
	3.0
	3.5-4.1
	1.6
	3.4-4.1
	1.5
	3.6-4.0
	1.6


· [1], Figure A.1.4.4, short term and ECM FER curves, TPC on
Figure A.1.4.4 (from [1]): Comparison of actual short-term and ECM generated curves – 480 kbps, R=0.5, BPSK, TTI=10ms, SF=4, ideal channel estimation, Q=1.0 for PA3, PB3, Q=2.0 for VA30, VA120.
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Based on these results, it is expected that the E-DCH performance
 will vary only marginally when going from ‘Case 1’ ==> PA3 or ‘Case 2’ ==> PB3 or ‘Case 3’ ==> VA120.

Annex B: Simulation Assumptions

	Nominal data rate
	384 kbit/s

	DL signalling error model 
	None

	Inner-loop TPC
	On/off

	Outer-loop PC
	Off

	Channel estimator
	FIR = [1 1 1] slots (6 pilots per slot)

	Channel estimation delay
	1 timeslot

	Radio channels
	See below

	DPDCH/DPCCH power ratio
	As in R99

	HARQ combining
	None/CC

	Max # of transmissions
	4

	TTI length
	10ms

	Result mode
	Average value





































































































































































































� Also ‘Moving propagation conditions’ and ‘Birth-Death propagation conditions’ are defined for testing RAKE searcher performance. However, as the Rel’99 DPCCH will always be present with a similar Ec/No operating point a for DCH, no additional requirements/tests in this area are deemed necessary for validating E-DCH performance.


� Including the “no RX diversity” cases but excluding ‘Case 4’


� The G-factor, however, determines how much interference a UE is causing towards other cells


� in normal operation under OL TPC control


� with TPC on
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