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1. Introduction

With this paper we discuss the problem regarding the phase references for HS-channels. Hereby we focus on the case when the CPICH is transmitted from two antennas and no Tx diversity is used for the HS-channels.

First, we give a motivation why we should consider the case of no Tx diversity for HS-channels. Then we look on the problems involved with this case. Especially when RAN1 concludes that no closed loop Tx diversity methods can be applied for HS-channels they are of particular importance. 

Next, a simple solution is proposed to specify which of the two antennas are used, when the CPICH is transmitted from two antennas and no Tx diversity is used. This solutions is based on the H-RNTI and does not have any impact on the scheduling algorithm. It comes with the advantages that it improves the false alarm probability of the HS-SCCH detection process and leads to power balancing between the two antennas at the Node B.

At the end of this paper, the corresponding text proposals are given. 

2. Motivation

In a Release 99 cell configured for transmit diversity with two diversity antennas STTD or one of the closed loop Tx diversity modes can be applied to downlink channels. If this is done, the CPICH has to be transmitted on both antennas and the UE can thereby obtain the channel estimates from both antennas.

With the introduction of HSDPA in this cell also the HS-channels HS-SCCH and HS-PDSCH are used for downlink transmission. As already agreed in RAN1 they could be transmitted either using no Tx diversity or STTD. The usage of the closed loop modes applied on an HSDPA channel is still under discussion.

If the conclusion of the discussion is that closed loop modes are not foreseen in the specification for HS-channels the choices left regarding Tx diversity for the HS-channels are

· no Tx diversity or 

· open loop Tx diversity (STTD).

STTD works well for high mobile speeds and a single path fading environment. However the gain is significantly reduced if the mobile speed is low and a multipath environment is present. This comes from the fact that the spatial diversity is already high in a multipath environment and no additional diversity gain can be added by applying STTD. With STTD the goal is to statistically average out the fading variations of the channel and effectively avoid deep fading drops. 

With HSDPA scheduling has been introduced as a new technique to improve throughput. The scheduling algorithm determines when to send data on the downlink based on actual channel quality information. In principle the scheduling algorithm tries to send data packets at time instants where the channel quality is good, i.e. above average due to a constructive superposition, and avoids to send data when the channel quality is bad (fading hole). This technique works especially well for slow mobile speeds and works best if significant fading (little or no diversity) is present, e.g. a single path environment. Of course there are different kinds of schedulers, but this rules still apply in principle.

From these considerations one may observe that simultaneous us of STTD and scheduling may lead to some difficulties and the gains originated by each technique may vanish. This has already been shown by simulations in [1]. Motorola shows that the system performance could even by worse than the single antenna case. The reason for this is that scheduling tries to take advantage of a varying fading channel but STTD tries to straighten out those variations, including the fading holes but also constructive superposition.

To fully exploit the benefits of using scheduling for the HS-channels it is therefore advantageous to use the no Tx diversity option instead of STTD. This is especially attractive for mobiles with low velocities for which the feature of HSDPA has been mainly designed for.

Therefore the no Tx diversity option needs some attention to make sure that this is an reasonable alternative to STTD.

3. The no Tx diversity case when the CPICH is transmitted from two antennas

The obvious item that needs to be specified for the case of no Tx diversity is which of the two antennas is selected as phase reference for the HS-channels. For the system to work properly clearly the antenna on which the HS-channels are transmitted must be specified as phase reference. Otherwise the UE would not use the correct antenna as phase reference.

This could be achieved by specifying to always use Antenna 1. However this has the following drawbacks: 

power imbalance

The HS-channels are usually assigned a higher Tx power for transmission. If the HS-channels are all transmitted from antenna 1, this would lead to a power imbalance between the antennas. The RF part of antenna 1 would need to be designed using a higher power which increases the costs of the equipment.

neglecting antenna 2

For the important environment with mostly low mobile speeds (e.g. indoor) the second antenna would be less and less needed the more HSDPA users are in the system. This means that already installed RF equipment for antenna 2 would not be fully utilized anymore.

4. Solution based on H-RNTI

To overcome this problem we propose the following solution:

The antennas are selected by the Node B with respect to the HS-DSCH radio network identifier (H-RNTI), i.e. the identifier used for UE ID scrambling for the HS-SCCH is re-used. An even number of the H-RNTI corresponds to Antenna 1 and an odd number to Antenna 2.

The advantages with this solution are:

antenna power balancing

The power balancing between Antenna 1 and Antenna 2 can be achieved

usage of second antenna for HSDPA channels

The second antenna at the Node B gets also used for the high data-rate HSDPA channels

zero impact on the scheduling algorithm

The proposed solution does not have any impact in the scheduling algorithm, since the antenna selection is already done by signaling the H-RNTI to the UE from higher layers.

antenna specific CQI reporting

CQI reporting from the UE can be done specifically with respect to the antenna which is used for transmission of the HS-channels.

reduced false alarm probability

The false alarm probability in the SCCH detection process is reduced. The transmission of the HS-channels is done either on Antenna 1 or on Antenna 2 for different UEs. A UE using Antenna 1 as phase reference misinterprets less frequently the HS-SCCHs for other UEs sent on Antenna 2, since Antenna 2 has a different phase.

5. Proposal

For the case that the CPICH is transmitted from two antennas and no Tx diversity is used for the HS-channels, we have presented a simple way to select which of the two antennas is used as phase reference for the UE for the HS-channels. It has the following main advantages:

· power balancing between the Node B antennas. The second antenna also gets used for the HS-channels.

· zero impact on the scheduling algorithm.

· the CQI reporting of the UE can be done only according to the selected antenna.

· the false alarm probability in the SCCH detection process can be reduced.

We kindly ask RAN1 to consider the proposed changes attached to this document when specifying the phase reference for HS-channels.

6. Reference

[1] R1-02-0413, Motorola, "System performance with/without STTD for different schedulers", TSG RAN1 #24, Orlando, USA, February 2002

7. Text proposals

Text proposals are made on the following pages in form of two CRs on TS25.211 and TS25.214.
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5.3.3.2
Downlink phase reference

Table 18 summarizes the possible phase references usable on different downlink physical channel types. 

Table 18: Application of phase references on downlink physical channel types
"X" – can be applied, "–" – not applied

Physical channel type
 Primary-CPICH
Secondary-CPICH
Dedicated pilot

P-CCPCH
X
–
–

SCH
X
–
–

S-CCPCH
X
–
–

DPCH
X
X
X

PICH
X
–
–

PDSCH*
X 
X
X 

AICH
X 
–
–

CSICH
X 
–
–

DL-DPCCH for CPCH
X
–
–

Note *:
the same phase reference as with the associated DPCH shall be used.
Furthermore, during a PDSCH frame, and within the slot prior to that PDSCH frame, the phase reference on the associated DPCH shall not change.
5.3.3.2.1 Downlink phase reference for HS-SCCH, HS-PDSCH and associated DPCH

If the CPICH is transmitted from both antennas as specified in section 5.3.3.1 and no Tx diversity is applied for the HS-SCCH, the HS-PDSCH and the associated DPCH, the phase reference of the HS-SCCH, the HS-PDSCH and the associated DPCH, shall be the CPICH transmitted either from Antenna1 or Antenna2. The selection between the two antennas is done based on the HS-DSCH Radio Network Identifier (H-RNTI) as defined in [17], expressed in unsigned binary form. If the H-RNTI is an even number (i.e. the LSB of the H-RNTI equals 0), Antenna1 shall be used as phase reference. If the H-RNTI is an odd number (i.e. the LSB of the H-RNTI equals 1), Antenna2 shall be used as phase reference.
5.3.3.12
Shared Control Channel (HS-SCCH)

The HS-SCCH is a fixed rate (60 kbps, SF=128) downlink physical channel used to carry downlink signalling related to HS-DSCH transmission. Figure 29 illustrates the sub-frame structure of the HS-SCCH.
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Figure 29: Subframe structure for the HS-SCCH
If no Tx diversity is applied for the HS-SCCH and the CPICH is transmitted from both antennas as specified in section 5.3.3.1, the HS-SCCH shall be transmitted either from Antenna1 or Antenna2. The selection between the two antennas shall be done in the same way as described in 5.3.3.2.1.
5.3.3.13
High Speed Physical Downlink Shared Channel (HS-PDSCH)

The High Speed Physical Downlink Shared Channel (HS- PDSCH) is used to carry the High Speed Downlink Shared Channel (HS-DSCH).

A HS-PDSCH corresponds to one channelization code of fixed spreading factor SF=16 from the set of channelization codes reserved for HS-DSCH transmission.  Multi-code transmission is allowed, which translates to UE being assigned multiple channelisation codes in the same HS-PDSCH subframe, depending on its UE capability.  

The subframe and slot structure of HS-PDSCH are shown in figure 30. 
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Figure 30: Subframe structure for the HS-PDSCH

An HS-PDSCH may use QPSK or 16QAM modulation symbols. In figure 30, M is the number of bits per modulation symbols i.e. M=2 for QPSK and M=4 for 16QAM. The slot formats are shown in table 27.

Table 27: HS-DSCH fields
Slot format #i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ HS-DSCH subframe
Bits/ Slot
Ndata

0(QPSK)
480
240
16
960
320
320

1(16QAM)
960
240
16
1920
640
640

All relevant Layer 1 information is transmitted in the associated HS-SCCH i.e. the HS-PDSCH does not carry any Layer 1 information.
If no Tx diversity is applied for the HS-PDSCH and the CPICH is transmitted from both antennas as specified in section 5.3.3.1, the HS-PDSCH shall be transmitted either from Antenna1 or Antenna2. The selection between the two antennas shall be done in the same way as described in 5.3.3.2.1.
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7.2
Channel quality indicator (CQI) definition

The UE shall report the highest tabulated CQI value such that, for the current radio conditions, the transport block error probability does not exceed 0.1 for a single transmission with a TFRC corresponding to the reported, or a lower, CQI value. Depending on the UE category as defined in [10], either Table 8, 9, 10, or 11 should be used. For the purpose of CQI reporting, the UE shall assume a total received HS-PDSCH power of 
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is given by Table 8, 9, 10, or 11, depending on the UE category. If S-CPICH is used as a phase reference for HS-PDSCH demodulation, 
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 is the received power of the S-CPICH used by the UE, otherwise 
[image: image7.wmf]CPICH

P

 is the received power of the P-CPICH.

Furthermore, if the CPICH is transmitted from both antennas as specified in [1] section 5.3.3.1 and no Tx diversity is applied for the HS-PDSCH, 
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 is the received power of the CPICH transmitted from the Node B only from the antenna, which is used for transmission of the HS-PDSCH for this UE.
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