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1 Introduction

High Speed Downlink Packet Access (HSDPA) is introduced in Rel-5 of 3GPP. The purpose of the present document is to identify the relevant core specifications (section 2.1) and testing areas for HSDPA (section 2.2). 

The document also elaborates on the radio bearer testing aspects as outlined by RAN2 and RAN1 LSs in [18] T1-030753 and [19] T1-031507 (section 2.2.5)

In the LS in [19] T1-031507 RAN1 request feedback from T1 regarding the feasibility of using the test loops for HSDPA testing. Section 2.3 of the present document discuss this subject. 

Finally section 2.4 proposes an initial list of test cases for HSDPA Rel-5 work item.

2 Discussion

2.1 Overview of relevant core specifications for HSDPA

	TS (Rel-5)
	Area covered related to HSDPA

	[1] TS 25.308 
	Gives an overall description of HSDPA (HSDPA stage 2).

	[9] TS 25.301
	Gives an overview of radio interface protocol architecture including HSDPA relevant protocol entities (MAC-hs)

	Radio reception, Performance Requirements

	[2] TS 25.101
	Specifies the HS-DSCH RF requirements

	[3] TS 25.133
	No additional UE RRM requirements specified for HSDPA.

	Layer 1

	[4] TS 25.211
	Specifies the physical channels for HSDPA (HS-PDSCH and HS-SCCH) 

	[5] TS 25.212
	Specifies the coding of HS-DSCH, HS-SCCH and HS-DPCCH

	[6] TS 25.213
	Specifies the spreading and modulation of HS-DPCCH

	[7] TS 25.214
	Specifies the physical layer procedures related to HS-SCCH and HS-DPCCH (power control).

	[8] TS 25.215
	No additional UE measurements defined for HSDPA.

	Layer 2 



	[10] TS 25.302
	Specifies the services provided by the physical layer to the upper layers. E,g, the HS-DSCH model of the physical layer and the HS-DSCH formats and configurations for L1 data transfer.

	[11] TS 25.306
	Defines the UE Radio Access capability parameters related to HSDPA, such as (FDD):


· Support of HS-PDSCH

· Total RLC AM and MAC-hs buffer size

· Support of dedicated pilots for channel estimation of HS-DSCH

· Maximum number of HS-DSCH codes received

· Total number of soft channel bits in HS-DSCH

· Minimum inter-TTI interval in HS-DSCH

Specifies downlink capabilities with simultaneous HS-DSCH.

Defines HS-DSCH physical layer categories versus UE categories (UE category is signalled).

	[12] TS 25.321
	Specifies the MAC-hs functionality. 

	[13] TS 25.322
	No impact on RLC protocol by HSDPA

	[14] TS 25.323
	No impact on PDCP protocol by HSDPA

	Layer 3 – AS

	[15] TS 25.331
	Specifies additions in RRC messages and IEs related to HSDPA.

	Layer 3 – NAS

	[16] TS 24.008
	QoS IE has been extended by 2 octets from Rel-5 onwards (Optional) to allow downlink bit rates between 8700 kbps and 16 Mbps.



2.2 Identification of testing areas for HSDPA

2.2.1 Radio reception and performance testing

[2] TS 25.101 Release-5 specifies the following requirements regarding receiver characteristics and RF performance.

Receiver characteristics (Release-5): 

· Maximum input level for HS-PDSCH reception (16QAM)
RF Performance (Release-5): 

· Demodulation of HS-DSCH
· Reporting of Channel Quality Indicator
· HS-SCCH Detection Performance

For Release-6 the following additional performance requirements are defined: 

· HS-SCCH Performance-open loop Transmit diversity
· Demodulation of HS-DSCH (Fixed Reference Channel). UE Capability 7 and 8 (10 code capability)

· Reporting of Channel Quality Indicator. New requirements for UE Category  11 and 12

· Reporting of Channel Quality Indicator, Open Loop Transit Diversity

· Reporting of Channel Quality Indicator, Closed Loop Transmit Diversity

2.2.2 Physical Layer testing

No specific physical layer test cases are considered as those areas are considered implicitly tested by upper layer test cases (Layer 2, Layer 3 and Radio Bearer test cases).

2.2.3 Layer 2 testing

Radio bearer testing for HS-DSCH is considered to partly cover HS-DSCH Layer 2 testing. Additional Layer 2 testing areas which is identified requiring specific testing are:

· MAC-hs reordering and stall avoidance
· Priority queue handling
· MAC-hs PDU header handling
· MAC-hs retransmissions
2.2.4 RRC testing

· Radio Bearer Establishment procedure. Start and stop of HS-DSCH reception
· Physical Channel Reconfiguration procedure. 
· Start and stop of HS-DSCH reception
· Serving HS-DSCH cell change with MAC-hs reset
· Active Set Update procedure in soft handover: Radio link addition and serving HS-DSCH cell change
2.2.5 Radio bearer testing aspects

At T1#20 meeting an LS from RAN2 in [18] T1-030753 was presented. The discussion on the LS was deferred for e-mail discussion and conclusion at T1#21. In the LS it was proposed to specify a single radio bearer for each particular user scenario (e.g. an interactive radio bearer), which is common for all UE categories. The actual data rate tested will then be dependent on the actual physical layer parameters applicable for the relevant UE category. The LS also includes an example of a generic test procedure to scan through the possible HS-DSCH transport block sizes.

RAN1 further discussed the RAN2 LS at the RAN1#34 meeting in Seoul 6-10 October. The outcome of the discussion in RAN1 resulted in an LS to RAN2 and T1 in [19] T1-031507. In the LS RAN1 confirmed, with some editorial changes, the physical channel parameters as proposed by RAN2. Regarding the maximum rate for the associated uplink PS configuration RAN1 states:

“It was pointed that it would be relevant to test the HS-DSCH DL radio bearer together with a 384 kbps PS configuration on the UL. However it was recognised that from a UE conformance testing point of view, it would be too restrictive to only cover testing of UE supporting 384 kbps on the UL. Hence RAN1 would like to recommend the inclusion of two separate test cases for the HSDPA radio bearer: one based on the 64 kbps configuration on the UL [1, section 6.10.2.4.1.26.1] and the other one based on the 384 kbps configuration on the UL [1, section 6.10.2.4.1.34.1].”

Ericsson view is that the proposal from RAN1 and RAN2 should be used by T1 as the working assumption for radio bearer testing. The proposed HS-DSCH reference configurations have alternatives defined for RLC payload size and for number of HARQ (Hybrid Automatic Repeat Request) processes. Further guidance is needed from RAN2 how to adopt these alternatives for different UE categories.  

It is proposed that T1 draft an reply LS to RAN1 and RAN2 stating:

· T1 will adopt the RAN1and RAN2 proposal for radio bearer configurations as the working assumption for HS-DSCH. I.e. to have one configuration for HS-DSCH associated with uplink 64kbps PS configuration and one for uplink 384 kbps PS configuration and to have the physical channel parameters specified per UE category.

· T1 confirms to RAN2 that the proposed generic test procedure for HS-DSCH radio bearers will be used as the working assumption when specifying radio bearer test cases for HS-DSCH.

· RAN2 is asked for further guidance on the need for testing of the different alternatives specified for RLC payload sizes (320 or 640) and the number of HARQ processes for different UE categories. RAN2 is specifically asked if number of HARQ process could be 2 and 8 for all UE categories to simplify testing?.

2.2.6 NAS testing

HSDPA is transparent from NAS layer perspective (i.e. same messages and IEs). However, the QoS IE has been extended by 2 octets from Rel-5 onwards (Optional) so that the downlink bit rates between 8700 kbps and 16 Mbps can be signalling with a granularity of 100 kbps. This allows for negotiation of Maximum bit rate and Guaranteed bit rate for downlink up to 16 Mbps for HSDPA or other future services.

2.3 Using UE test loop function (TS 34.109) for HSDPA testing 

In the LS in [19] T1-031507 RAN1 asks T1 for feedback regarding the use of UE test loop function for HSDPA testing.

The UE test loop functionality as specified in [17] TS 34.109 comprises two operation modes, UE test loop mode 1 and UE test loop mode 2. UE test loop mode 1 operates on radio bearers. Received RLC/PDCP SDUs in downlink are returned in uplink RLC/PDCP SDUs. UE test loop mode 2 operates on transport channels associated with a DTCH, received downlink transport block data and CRC data are returned in uplink transport block.

Figure 1 illustrates the mapping of HS-DSCH in downlink and the associated DCH in uplink to DTCH and DCCH logical channels. 

Figure 2 further illustrates the loop back points for UE test loop mode 1 and UE test loop mode 2. 

From the definition of loop back points for UE test loop mode 1 and mode 2 it can be concluded that the UE test loop functionality is transparent to the use of HS-DSCH or DCH in downlink. Thus there is no need to introduce any specific test loops to enable testing of HS-DSCH. 

However, test cases for HS-DSCH using test loops need to be carefully designed taking downlink and uplink data rates and difference in TTI (2 ms for HS-DSCH while 10, 20, 40 or 80 ms for uplink DCH) into consideration to avoid UE buffering overflow.
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Figure 1. Mapping of HS-DSCH and associated uplink DCH to DTCH and DCCH logical channels.
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Figure 2. Illustration of loop back point for UE test loop mode 1 and Ue test loop mode 2.

Proposed list of test cases for HSDPA (Rel-5)

	TS
	Area
	Title
	Test purpose

	34.121 – Receiver Characteristics

	34.121
	Receiver Characteristics
	Maximum input level, Minimum requirement for HS-PDSCH reception (16QAM)
	To confirm that the dynamic range in the receiver is good enough so that the HS_DPSCH with 16QAM can be received also when the UE receives high signal levels.

	34.121 – RF Performance

	34.121
	Performance
	Demodulation of HS-DSCH (Fixed Reference Channel); Single Link
	To confirm that the demodulation performance including HARQ is good for the single links case.



	34.121
	Performance
	Demodulation of HS-DSCH (Fixed Reference Channel); Open Loop Diversity
	To confirm that the demodulation performance including HARQ is good for the Open Loop Diversity case.



	34.121
	Performance
	Demodulation of HS-DSCH (Fixed Reference Channel); Closed Loop Tx Diversity
	To confirm that the demodulation performance including HARQ is good for the Closed Loop Tx Diversity case.



	34.121
	Performance
	Reporting of Channel Quality Indicator; AWGN propagation conditions
	To confirm that the CQI estimation in the UE is good. The test checks that the CQI report is not biased and that the CQI estimate distribution is within the limits.

	34.121
	Performance
	Reporting of Channel Quality Indicator; Fading propagation conditions
	To confirm that the CQI estimation in the UE is based on the correct measurement period so that no excessive averaging is performed.

	34.121
	Performance
	HS-SCCH Detection Performance
	To confirm that demodulation performance of the HS-SCCH.

	34.123-1 – Layer 2

	34.123-1
	MAC
	HS-DSCH/MAC-hs reordering and stall avoidance
	To confirm that the UE performs MAC-hs reordering and delivers RLC PDUs in order to RLC. To confirm that the UE performs stall avoidance in case of missing MAC-hs PDUs.

	34.123-1
	MAC
	HS-DSCH/Priority queue handling
	To confirm that the UE handles several priority queues, where different radio bearers are mapped to different queues.

	34.123-1
	MAC
	HS-DSCH/MAC-hs PDU header handling
	To confirm that the UE acts on the fileds in the MAC-hs PDU header and discards PDUs with invalid fields

	34.123-1
	MAC
	HS-DSCH/MAC_hs retransmissions
	To confirm that the UE correctly transmit positive and negative acknowledgements when receiving MAC-hs PDUs

	34.123-1 – Layer 3

	34.123-1
	RRC 8.2.x
	Radio Bearer Establishment for transition from CELL_DCH to CELL_DCH: Success (start of HS-DSCH reception)
	To confirm that the UE establishes a radio bearer mapped to HS-DSCH and starts receiving the HS-DSCH according to the received RADIO BEARER SETUP message.

	34.123-1
	RRC 8.2.x
	Radio Bearer Release for transition from CELL_DCH to CELL_DCH: Success (stop of HS-DSCH reception)
	To confirm that the UE releases a radio bearer mapped to HS-DSCH and stops receiving the HS-DSCH according to the received RADIO BEARER RELEASE message.

	34.123-1
	RRC 8.2.x
	Physical Channel Reconfiguration for transition from CELL_DCH to CELL_DCH: Success (Start and stop of HS-DSCH reception)
	To confirm that the UE starts and stops receiving the HS-DSCH according to the received PHYSICAL CHANNEL RECONFIGURATION message. To confirm that the UE uses the stored HS-DSCH configuration when the HS-DSCH reception is started.



	34.123-1
	RRC 8.2.x
	Physical Channel Reconfiguration for transition from CELL_FACH to CELL_DCH: Success (start of HS-DSCH reception)
	To confirm that the UE transits to CELL_DCH state and starts receiving the HS-DSCH according to the received PHYSICAL CHANNEL RECONFIGURATION message. 



	34.123-1
	RRC 8.2.x
	Physical Channel Reconfiguration for transition from CELL_DCH to CELL_FACH: Success (stop of HS-DSCH reception)
	To confirm that the UE transits to CELL_FACH state and stops receiving the HS-DSCH according to the received PHYSICAL CHANNEL RECONFIGURATION message. 



	34.123-1
	RRC 8.2.x
	Physical Channel Reconfiguration for transition from CELL_DCH to CELL_DCH: Success (serving HS-DSCH cell change with MAC-hs reset)
	To confirm that the UE changes the serving HS-DSCH cell and resets MAC-hs according to the received PHYSICAL CHANNEL RECONFIGURATION message.

	34.123-1
	RRC 8.2.x
	Physical Channel Reconfiguration for transition from CELL_DCH to CELL_DCH: Success (serving HS-DSCH cell change without MAC-hs reset)
	To confirm that the UE changes the serving HS-DSCH cell and does not reset MAC-hs according to the received PHYSICAL CHANNEL RECONFIGURATION message. 



	34.123-1
	RRC 8.3.x
	Active Set Update in soft handover: Radio link addition and serving HS-DSCH cell change
	To confirm that the UE adds a radio link and changes the serving HS-DSCH cell to the newly added radio link according to the received ACTIVE SET UPDATE and PHYSICAL CHANNEL RECONFIGURATION messages. 



	34.123-1 – Radio Bearer

	34.123-1
	Radio Bearer
	Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	To confirm that UE is able to establish radio bearer and transfer data according to the UE capability.

	34.123-1
	Radio Bearer
	Interactive or background / UL:384 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	To confirm that UE is able to establish radio bearer and transfer data according to the UE capability.

	34.123-1 – NAS

	34.123-1
	SM
	Attach initiated by context activation/QoS Offered by Network is the QoS Requested for rates above 8700 kbps
	To confirm that the UE performs correct handling of QoS extensions for rates above 8700 kbps.



Conclusion and Proposal

The present document identifies testing areas for HSDPA, which needs conformance testing.  The document also discuss proposals and question raised by LSs from RAN1 and RAN2 in [18] and [19].

It is proposed that:

1. T1 uses the list of test cases in section 2.4 of present document as the base for planning test case development for HSDPA.


2. T1 sends a reply LS to RAN1 and RAN2 in accordance with the conclusion in sections 2.2.5 (radio bearer testing) and 2.3 (use of test loops for HS-DSCH) of present document.
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