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1.0
 RAN WG4 Scope

This paper is intended to provide a high level evaluation of impacts from High Speed Down Packet Access to RAN WG4 release 5 specifications. It strives to identify items that need to be studied in RAN WG4 and potential modifications to RAN WG4 specifications. The evaluation is limited to UTRA FDD.

2.0
 HSDPA

High Speed Downlink Shared Channel (transport channel, denoted as HS-DSCH) preserves some similarities to release 99 Downlink Shared Channel (DSCH). For example, the underlying physical channels are time-division multiplexed and code-division multiplexed between different users, and a dedicated physical control channel, DPCCH, is required for both uplink and downlink signaling. 

The physical channels supporting HSDPA are a number of SF=16 code channels and multi-code transmission can be used to increase peak bit rate. In addition to DPCCH, a shared physical control channel is proposed to convey additional signaling for multiple HSDPA terminals [1]. 

An essential feature in HSDPA is the use of link adaptation, i.e., the data transmission method is constantly changing to adapt to the radio link condition. Packet access scheduling can no longer be performed by RNC, since the longer round trip delay would prevent the scheduler from taking advantage of different users’ instantaneous channel conditions to optimize overall throughput. As a result, the scheduling functionality in HSDPA has been moved from RNC to node-B.

The link adaptation feature is called Adaptive Modulation and Coding in HSDPA and will be included in REL-5. Another main feature in REL-5 HSDPA is Hybrid ARQ [2]. An introductory overview of both technologies is described in the following sections.

2.1 
Adaptive modulation and coding scheme (AMC)

HSDPA employs link adaptation with a number of pre-defined modulation and coding rate combinations. From time to time, the base station selects the modulation and coding scheme (MCS) of data transmission for a particular mobile based on the downlink channel quality. In principle, higher order modulation and high code rate (e.g., 64QAM with R=3/4) will be used for mobiles with a good radio link condition to enhance transmission data rate and lower order modulation with lower code rate (e.g., QPSK with R=1/4) will be used for mobiles with a poor link condition to provide better reliability. With an optimal scheduler at the base station, the overall system throughput can be maximized according to the channel quality of each receiver while the QoS requirement for individual users satisfied. 

The performance of AMC depends on timely and accurate feedback from the receiver mobiles on their downlink channel quality. The link quality estimation scheme has not been determined, although C/I (RSCP/ISCP) on CPICH is typically used as the measure of the downlink channel quality in WG1 simulations [3]. The base station will maintain a constant transmit power for a HSDPA physical channel during a radio frame. 

2.2 
Hybrid ARQ (H-ARQ)

Hybrid ARQ is a backward error correction mechanism complementary to AMC in face of fast-changing radio channel quality. Proposed H-ARQ schemes generally fall into two categories 

(1) Stop-and-Wait based scheme using multiple HARQ processes to optimize link throughput.  

(2) Selective-repeat based schemes defined using a transmittier window to. 

In comparison, the selective-repeat schemes require reliable transmission of block sequence number and the N-process stop-and-wait scheme demands strict timing in transmitter and receiver process time. 

Chase combining has been proposed as a soft combining scheme, where identical copies of a packet are sent during retransmission and the decoder combines the received copies weighted by the SNR prior to decoding [3].  In addition to partial or full Incremental Redundancy has also been proposed. The H-ARQ scheme has not been finalized;, considerations for H-ARQ protocol selection are identified in [1].

2.3 
TTI

Shorter Transmit Time Interval (TTI) has been proposed to avoid large UE buffer and long round-trip delay. However, the exact TTI size for HS-DSCH and whether it is fixed or semi-static is under discussion in RAN WG1

3.0
 Impact to RAN WG4 REL-5

3.1 
Impact due to AMC

The impact of Adaptive Modulation and Coding comes from several sources: (1) introduction of additional modulation methods, (2) a variety of modulation and coding scheme combinations (3) time critical feedback from UE on downlink channel quality. For REL-5, RAN WG1 has concluded that QPSK and 16QAM modulations will be mandatory for HSDPA.  64QAM will be optional [4].

Since HS-DSCH is a downlink channel, the RF related impacts are associated with Node B base station transmitter characteristics and UE receiver characteristics. 

3.1.1
Node B AMC related issues

For the Node B transmitter, the following items need to be considered in the requirements of TS 25.104 and TS 25.141:

· Modulation accuracy of 16QAM and 64QAM

· Out-of-band emission limits

· Transmit intermodulation

· Spurious emission limits

For modulation accuracy of 16QAM and 64QAM, existing requirements on Error Vector Magnitude and Peak Code Domain Error should be re-evaluated to ensure acceptable performance of HS-DSCH. 

Interferences arising from modulation process and non-linearity during HS-DSCH transmission also need to be constrained under certain levels. A simple solution is to reuse existing requirements for out-of-band emission, transmit intermodulation, and spurious emission with a physical channel setup (i.e., test model in TS 25.141) that includes HS-PDSCH channels at the base station transmitter.

Another issue associated with higher order modulations is the effect of peak-to-average power ratio on base station transmitter. Preliminary results [5] show that the introduction of higher order modulations in HSDPA does not cause significant degradation in the transmitter’s peak-to-average power ratio, but WG1 recommends WG4 taking a detailed look at this issue [3].

Table 1: Node B Impacts due to Adaptive Modulation and Coding

	Impact item
	Impacted Specification
	Requirement

	Base station transmit modulation accuracy requirements for 16QAM and 64QAM
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	X



	Base Station out-of-band emission in HS-DSCH transmission
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	X



	Base Station transmit intermodulation in HS-DSCH transmission
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	X



	Base Station spurious emission in HS-DSCH transmission 
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	X

	Peak-to-average power ratio at BS transmitter
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	?


3.1.2
UE AMC related issues

For UE receiver, the following items need to be considered in the requirements of TS 25.101 and TS25.133:

· Adjacent channel selectivity

· Blocking capability

· Intermodulation rejection

· HS-DSCH demodulation in various propagation conditions

The first three items are intended to guarantee the receiver performance for HS-DSCH at the presence of different interfering sources. The fourth item addresses the performance requirements for HS-DSCH demodulation in various propagation channels.  The built-in H-ARQ mechanism should be taken into account for those performance requirements. The probability of error for the performance requirements is more preferably expressed in terms of FER rather than BER, since H-ARQ is operated on a frame basis.  A reference performance should be given to each of the supported MCS as different MCSs yield different performance results in a particular radio link condition. However, a common reference performance may be used for a MCS in requirement specifications associated with all the above items.

Finally, a timely and accurate DL channel estimate is essential to the performance of AMC - RAN WG1 is still discussing details of this mechanism. To ensure a satisfactory level of performance, WG4 may need to investigate the following issues:

· Requirement on the UE’s channel estimation accuracy
 in terms of pre-defined channel quality matrix (This may be different from the existing requirements for measurements for power control, cell reselection or handover.)

· Requirement on the UE’s channel estimation reporting frequency

· Requirement on the UE’s channel estimation reporting delay1
.
Table 2: UE Impacts due to Adaptive Modulation and Coding

	Impact item
	Impacted Specification
	Requirement

	UE adjacent channel selectivity for HS-DSCH signal
	25.101: UE radio Tx and Rx
	?

	UE blocking capability for HS-DSCH signal
	25.101: UE radio Tx and Rx
	?

	UE intermodulation rejection for HS-DSCH signal
	25.101: UE radio Tx and Rx
	?

	UE’s HS-DSCH demodulation performance requirements for each MCS in various propagation conditions
	25.101: UE radio Tx and Rx
	X

	UE’s channel estimation accuracy
	25.133: Radio resource management requirements
	X

	UE’s channel estimation reporting frequency
	25.133: Radio resource management requirements
	X

	UE’s channel estimation reporting delay
	25.133: Radio resource management requirements
	X


3.2 
Impact due to H-ARQ

The Hybrid-ARQ protocol and soft combining scheme to be used in HSDPA have not yet been decided. Signaling method for supporting H-ARQ and AMC is also under intensive study. Detailed specification of the H-ARQ protocol is to be undertaken by WG1 and WG2. WG4 has the responsibility of defining proper requirements for the behavior and performance of base station transmitter and UE receiver in H-ARQ retransmission mechanism. With this in mind, the work that needs to be done in WG4 is described as follows.

3.2.1 
Node B H-ARQ issues

At the transmitter side, the correct base station response upon receiving an ACK or NACK and upon timeout with no acknowledgement received may need to be specified in TS 25.104, 25.141. 

Table 3: Impacts due to H-ARQ

	Impact item
	Impacted Specification
	Requirement

	Requirement on BS’s response when ACK/NACK or timeout
	25.104: BS radio Tx and Rx

25.141: BS conformance testing
	X


3.2.2 
UE H-ARQ issues

It has been agreed that there needs a shared physical control channel to transport HSDPA specific signaling [1], e.g., code allocation for a particular user, MCS used, H-ARQ sequence and process numbers, etc. Requirements for UE’s performance in detecting the shared control channel would be needed in TS 25.101. 

In addition, at the receiver side of HS-DSCH, requirements are needed in order to ensure UE’s capability to handle the H-ARQ. Those requirements include (1) allowable range of processing time between receiving a TTI frame to sending an uplink acknowledgement, (2) performance requirements for H-ARQ retransmission with various MCS and radio link conditions.  The latter item (2) has already been covered in Section 3.1.2 in conjunction with the performance of AMC.

Table 4: UE impacts due to H-ARQ

	Impact item
	Impacted Specification
	Requirement

	Performance requirements for DL shared control channel detection
	25.101: UE radio Tx and Rx
	?



	
	
	

	UE’s H-ARQ processing time requirement
	25.133: Radio resource management requirements
	X


4.0
 Other issues

4.1 
Compressed mode

· RAN WG4 will need to study the performance of compressed mode with HSDPA. HS-DSCH link performance in compressed mode in TS 25.101, in addition to DCH performance (Section 8.9.1)

· Downlink channel estimation and reporting requirements for slots between transmission gaps

5.0
 Conclusion

AMC and H-ARQ are the main features to be standardized in release 5. In terms of RAN WG4 specifications, AMC has more impact and should be the main focus for RAN WG4 in its progress on HSDPA. Among the issues that require WG4’s attention, the most imperative and critical are probably (1) DL channel estimation and reporting, (2) Radio Tx and Rx using different MCS schemes.

The requirements specified in Table 1-4 are proposed to specify for HSDPA in the WG4 specifications.
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