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1. Introduction

Enhanced Paging is a Rel-7 feature which enables transmission of paging related information using HS-DSCH channel during Cell/URA_PCH. Basically the legacy behaviour for discontinuous reception is maintained where the transmission is initiated with Page Indicator (PI) sent per Paging Occasion during DRX cycle. Afterwards, NW can initiate further DL data transmission of the Paging Type 1 (PCCH)/Type 2 (DCCH), or system info change indication (BCCH) or user signaling/data (DCCH/DTCH). 
To facilitate the above capabilities, HS-DSCH Data Frame Type 3 is defined which can accommodate all above mentioned data types.

In this paper, target DL sending timing for paging channel in HS-DSCH Data Frame Type 3 is analysed, and improvement for problem in current specification is discussed.

2. Sending timing in HS DSCH Data Frame Type 3 
Current frame protocol specification (TS25.435) allows Paging Indicator and Paging PDU and/or DCCH/DTCH to be carried and sent in one frame protocol data frame. This is indicated by presence of PI bitmap and MAC-C PDU in a single data frame format. A generic HS-DSCH Data Frame Type 3 is used for this purpose.

In the above situation, RNC notifies Node B the timing to send the paging information over Uu by indicating the sending CFN in the CFN field of the data frame. The target sending time (CFN) shall be set for the start of HS-SCCH frame timing. 
Basically, using this scheme there are several problem caused:

1. Increase the probability for missing Paging occasion

The timing to send paging indicator from Node B to UE is determined by the paging occasion calculated by RNC. The RNC needs to aim this paging occasion when sending the HS-DSCH Data Frame Type 3 carrying the paging information. Node B sends the paging information to UE by targeting the CFN set in Frame Protocol Type 3. However, the PICH physical channel timing happens in advance from HS-SCCH channel sending timing (i.e. CFN included in the Frame Protocol Type 3) as shown in Figure 1. Therefore the target sending timing is a later time reference from the occurrence of paging occasion. As a result, if the expected RAN total delay (Uu delay + Iub delay) is somehow not fulfilled due to unexpected and fluctuation in the delay aspects, the possibility to miss sending timing of paging information at paging occasion is increasing. Hence, UE can’t receive the intended data during its wake-up time and need to wait until the next paging occasion. 

2. Imprecise timing target

For UE without dedicated H-RNTI in Cell PCH, basically blind transmission for paging information is performed (HS-SCCH less transmission). This is done with HS-SCCH less operation, and by sending HS-DSCH data in predetermined number defined by system info. The current specification also mandates to set the target sending timing in CFN as the start of HS-SCCH timing. However it doesn’t help much scheduler in NodeB as the scheduler needs to compensate additional 2 slots delay between HS-SCCH and HS-PDSCH where the data actually sent over Uu. Therefore there is additional delay contribute to the time between PICH timing and HS-PDSCH timing. The timing provided to the Node B isn’t precise and doesn’t give any value add to Node B data scheduling (refer to Figure 2).

3. Inconsistency in Node B behaviour
Basic approach for event-driven behaviour in Node B is that a trigger is given to the corresponding protocol entity notifying the maturity of the event (e.g CFN). Based on this trigger, the intended protocol in NodeB then starts its internal state transition or operation. Considering this time-driven event, it needs basic changes in NodeB behaviour if Node B needs to pre-empt an event that happens in advance from the event maturity trigger.
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Figure 1 PICH/HS-SCCH timing relationship (TS25.211)
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Figure 2 HS-SCCH/HS-PDSCH timing relationship (TS25.211)
The other alternative to avoid above problem is using two-consecutive HS-DSCH Data Frame Type 3 for paging indicator and the rest of paging information. In turn each data frame has its own sending timing target (i.e. CFN) as specified in legacy R99 paging below:

The PCH DATA FRAME includes the paging indication information and paging messages [FDD - To page one User Equipment, two consecutive PCH DATA FRAMEs with consecutive CFN numbers are transmitted, the first frame contains the Paging Indication Information and the second contains the Paging Message.]
This approach may also be applied to Enhanced Paging case where two separate HS-DSCH Data Frame Type 3 protocol are sent for PICH information and Paging/DCCH/DTCH data respectively. However, this implies inefficiency as two separate frames are needed. This also limits the possibility to multiplex certain amount of data into the data frame in order to speed up Node B scheduling.  Hence it increases probability DL data isn’t received within predetermined time from the PICH frame that lead to data discard by UE as specified in TS25.321 Sec.11.6.4.2 (excerpted below).
11.6.4.2
HARQ process

The HARQ process processes the New Data Indicator (if any) indicated by lower layers for each received MAC-ehs PDU.

The UE may:

-
for FDD, when operating in CELL_DCH state, if the MAC-ehs PDU is received within 5 sub-frames from the reception of the previous MAC-ehs PDU intended for this HARQ process; or

-
for FDD, when operating in CELL_FACH state with a dedicated H-RNTI, if the MAC-ehs PDU is not received during the sub-frames associated with the PICH (as described in section 7.2A of [24]) and the MAC-ehs PDU is received within 5 sub-frames from the reception of the previous MAC-ehs PDU intended for this HARQ process; or
-
for TDD, when operating in CELL_DCH state, or in CELL_FACH state with a dedicated H-RNTI (1.28 Mcps TDD only), if the MAC-ehs PDU is received before generation of feedback resulting from reception of a previous MAC-ehs PDU for the same H-ARQ process: or
-
discard the MAC-ehs PDU.
The complexity of this method increases when UEs undergoing HS-SCCH based paging and HS-SCCH less paging with Paging occasions in consecutive CFNs. 

3. Solution Proposal
Considering the above drawbacks, we propose:

Proposal 1: Align target DL sending timing in NodeB with paging occasion (i.e. start of PICH frame) instead of HS-SCCH frame timing.
There is potential problem when considering the mixed deployment of different NodeB release within a same RNC. Within above condition, target CFN can be ambiguously interpreted by NodeB either as a start of HS-SCCH timing or new target timing for start of PICH. Therefore consideration should be made to avoid the ambiguity and keep backward compability. Basically it can be solved by:

1. Introduction of NodeB new capability bit

Using new defined capability bit, RNC can decide whether NodeB support PICH or HS-SCCH based target timing and set the value of CFN in HS-DSCH Frame Type 3 accordingly.

2. Introduction of new additional parameter in Frame Protocol Type 3

The other possibility to notify a NodeB on the specific sending timing is to indicate a new parameter in Frame Protocol Type 3. Since the new parameter is invisible for the earlier release of RAN nodes, if RAN nodes don’t support the feature, the existing interpretation of sending timing is used. For RAN nodes which are upgraded to support this new parameter, they use the new timing indicated in the new IE flag.

As approach 2 is simpler, so we propose:
Proposal2: Introduce new additional parameter in HS-DSCH Data Frame Protocol Type 3 
RAN3 is asked to discuss the issue raised above and to agree with the proposals. 
A CR [5] into TS25.435 is provided to capture changes in the proposal 2.
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