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1
Introduction
In recent meetings the paging over HSDPA has been agreed in general manner. In this contribution we address further details on the scheme and propose way forward to decide final points of the scheme.
2
Discussion
2.1
UTRAN architecture and utilisation of PICH 

In Rel99 paging, the UE selects the S-CCPCH listed in SIB5 carrying the PCH based on UE id for paging reception purposes. For each PCH there is one associated PICH channel. It is proposed that when paging is supported over HSDPA the Rel99 PICH can be shared between Rel99 paging and HSDPA purposes. This would be achieved by listing the possible PICH channels in HS-DSCH system information separately but the actual PICH info can point to same physical channel as legacy ones. The CRNC would calculate the PICH bitmask for Iub similar manner as today and send separate paging records to Node B for legacy and HS-DSCH purposes with corresponding CFN value when the PICH and PCH shall be transmitted by the Node B. 
The above would mean that there is one and only one paging record for HS-DSCH transmission corresponding to the PICH frame in similar manner as in Rel99 paging transmission over PCH. Furthermore this would imply that only one paging H-RNTI is needed for the HS-SCCH purposes per PICH, as indeed if multiple H-RNTIs would be used the UE distribution to the different paging group on PICH should be maintained in H-RNTI groups, otherwise the complaining the paging record would be more complex and inefficient.
In addition this would mean that there is only one direct DTCH/DCCH DL transmission for UEs in CELL_PCH (URA_PCH) corresponding to PICH frame and either paging record or direct DTCH/DCCH is performed. 

Therefore only modification on S-CCPCH for paging selection would be that in HSDPA case the UE would not consider S-CCPCH carrying PCH but rather listed PICH. 

Proposals: 
· RNC calculates the PICH bitmap and provides the CFN when the PICH shall be transmitted by Node B

· There is only one transport block including paging record or DTCH/DCCH transmitted per one PICH frame.

2.2
Physical channel timing and retransmissions
When the UE receives the PICH indicating the paging or direct DTCH/DCCH transmission the UE will receive corresponding HS-SCCH frames. In principle as the UE can receive four HS-SCCH codes parallel we do not need to hard code the corresponding HS-SCCH code. The pich (3 slots) presents the frame offset between PICH and HS-SCCH. In RAN1 it has been proposed that UE would receive 5 subframes after PICH, which together with code domain would give certain flexibility for the Node B scheduler to use proper resources for paging transmission. If correct H-RNTI is not received in those 5 subframes the UE would resume to the DRX operation. [1]
The potential retransmissions of the HS-DSCH could be transmitted with same timing restrictions as Rel5 HSDPA with asynchronous retransmissions, and thus only the maximum time that UE would be receiving after receiving correct H-RNTI in HS-SCCH after PICH detection before starting the DRX would need to be defined in SIBs, i.e. how long the retransmissions take place. 
As the re-transmissions are as in Rel5 the UE will not combine different paging transmission incorrectly by the UE even when paging H-RNTI is used as UTRAN can utilise different HARQ process new transmission indicator. Of course, additionally each PICH frame could be associate directly to know HS-SCCH channelisation code which then would be also used for retransmissions. However, this seems unnecessary. 
As the miss detection of PICH and HS-SCCH in such a manner that PICH matches the group and H-RNTI matches also the group is extremely low the probability of receiving HS-SCCH unnecessary for potential retransmission is negligible. This functionality is illustrated in Figure 1 and can be the baseline solution.
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Figure 1: Paging with normal HSDPA retransmission timing (base line)
The benefits of such solution are:
· HS-SCCH and HS-DSCH reception remains unchanged compared Rel5.

· Direct transmission of DTCH/DCCH can utilise same scheme.

· Additional paging record sizes can be defined and DTCH/DCCH transmissions are not restricted with limited paging record sizes 

· Best case delay values are improved compared Rel99

Draw backs of such solution are:

· HS-SCCH would be needed also for paging transmissions, which in maximum would 60% of one HS-SCCH code capacity with 2 retransmissions per one PICH. (3 subframes out of 5)
· Worst case delay would be 24ms with 2 retransmissions, however if HS-DSCH reception probability after 2 retransmissions (BLER of ~1% was reported with RAN1 simulations [ref])is improved compared to Rel99 the delay increase is not really significant
· Detection of HS-SCCH for the first paging transmission is critical

Naturally certain modifications to the HS-SCCH and HS-DSCH reception could be defined to leverage above problems. In following sections we compared such options to baseline. 

The first option is seen in Figure 2 where the retransmission timing is reduced. This could be considered as there is no Ack and NACK for paging transmission and therefore the UE in principle should be able to receive retransmissions faster and still perform decoding after each reception if the CRC is correct. 
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Figure 2: Paging with reduced HSDPA retransmission timing
The benefits of such scheme compared to baseline are:
· The maximum delay could be further reduced

· Direct transmission of DTCH/DCCH could utilise same scheme.

· HS-SCCH reception probability requirement is reduced as HS-SCCH could be repeated twice inside this 5 subframes.

However the draw back of this scheme is:

· The HS-SCCH and HS-DSCH reception does not remain as in Rel5 and specific mode for paging is defined.

The second option is illustrated in Figure 3 where the retransmissions are performed in consecutive TTIs. In this option the UE would just combine next 2 TTI after first transmission to the HARQ buffer and perform the decoding of the HS-DSCH transport block only after that. 
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Figure 3: Paging with Consecutive TTIs as retransmission
The benefits of such scheme compared to baseline are:

· The maximum delay could be further reduced to minimum

· HS-SCCH reception requirement is reduced as HS-SCCH would be repeated multiple times inside this 5 subframes.

· Direct transmission of DTCH/DCCH could potentially utilise same scheme. However further clarifications would be needed.

However the draw back of this scheme is:

· The minimum delay would be increased as it expected that UE cannot perform the HS-DSCH block decoding between transmissions

· The HS-SCCH and HS-DSCH reception does not remain as in Rel5 and specific mode for paging is defined, indeed this would have be even more significant change compared to solution 2.  

The HS-SCCH less transmission could be introduced on top of any of these retransmission schemes. System could work completely without HS-SCCH or only retransmissions could send without it. 
If the HS-SCCH is not used at all, the HS-SCCH resource consumption problem would be avoided. However, it would have following consequences if unnecessary UE complexity is avoided.
· Transmission timing between PICH and HS-DSCH needs to be fixed

· Retransmissions needs to occur fast as in Figure 3 otherwise PICH false detection would have more significant impact to the UE power consumption as in Rel99

· HS-DSCH channelisation code associated to PICH needs to be fixed

· Transport block size and TFRI used for transmitting PCH would need to be fixed
· Direct transmission of DTCH/DCCH would not be able to utilise same scheme.
If HS-SCCH is not used in retransmissions the HS-SCCH resource problem relieved as only 1 subframe out of 5 subframes is used for paging purposes per PICH, in addition the flexibility of HS-DSCH transmission scheme is maintained. However following consequences can be identified:

· Synchronous retransmissions are needed

· Reception probability of HS-SCCH for first transmission is same as in baseline solution.

Based on above analyses it is not clear which optimisations to baseline solution for paging and direct transmission of DCCH/DTCH are beneficial.
3
Conclusion
It is proposed to agree on following proposals
· RNC calculates the PICH bitmap and provides the CFN when the PICH shall be transmitted by Node B

· There is only one transport block including paging record or DTCH/DCCH transmitted per one PICH frame.

· The baseline paging and direct transmission of DTCH/DCCH is as illustrated in Figure 1.

Furthermore it is considered that there no essential need to optimise paging and direct DTCH/DCCH transmission from baseline solution.
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