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Introduction
At RAN1 #78bis, the study item on small data transmissions for UMTS was initiated [1]. As part of this study item, a set of coverage evaluations for several physical channels were presented and discussed in RAN1 #79. There it was identified that PCH over S-CCPCH is one of the channels that would benefit from a coverage improvement to balance its coverage with respect to other physical channels which already offer a better coverage. At RAN1#80, potential solutions to extend the coverage were presented in [2], and [3]. Further, a number of observations on S-CCPCH and HS-PDSCH based paging were presented [4].
This contribution continues the discussion on how to improve the coverage of PCH on S-CCPCH.
Summary of proposed solutions
A first proposed solution is to apply additional power for some of the paging attempts to improve the detection probability by increasing the transmitted energy (power) for the same number of transmitted bits [2]. In the following we will refer to this solution as the “power boosting” solution. The format of the paging transmission is not changed in any way, and hence this solution is applicable for legacy UEs.
A second proposed solution is to enable usage of a smaller than normal transport block size for some of the paging attempts to improve the detection probability by using the same transmitted energy (power) but decreasing the number of transmitted bits compared to the normal larger transport block size [3]. In the following we will refer to this solution as the “reduced TBS” solution. Since only UEs that are made aware of the new smaller TBS will be able to decode the transmission, this technique can only be applied to Rel-13 UE.
Discussion
Applicability of the solutions
First of all, the two coverage enhancing solutions of boosting power and reducing the TBS can be applied together for even larger coverage benefits. The solutions are quite orthogonal to each other, and therefore work well together.
In principle, the coverage enhancement solutions are applicable for all RRC states where paging occurs. Hence, it is in principle possible to use them for UEs in IDLE, CELL_PCH and URA_PCH states.
However, there are some special considerations in IDLE state to take into account. Currently, in IDLE state the paging is initiated from the core network (CN), which forwards the paging message to the RNC together with the UE’s IMSI. The IMSI is provided so that RNC can calculate the proper time to transmit the paging message to the UE given its DRX cycle (the time periods where the UE wakes up to read the PICH depends on the IMSI). A problem with this is that it is difficult for the RNC to determine if there is a need to apply a coverage enhancing technique since it has so little information about the targeted UE, in principle only the IMSI. It could be possible to store an IMSI history in the RNC and associate knowledge about coverage from previous attempts with each IMSI. It could also be possible to determine from such an IMSI memory that the current paging attempt is likely a retry of a previous attempt to reach the UE, in which case it may make sense to apply e.g. a power boost. Another complication for the reduced TBS solution is that the RNC needs to know if the UE supports this technique or not when forwarding the page from CN, and this is not readily seen from the information passed over Iu today. It is worth noting that there are already on-going discussions between SA2 and RAN2/RAN1 in the context of LTE paging enhancements to enable more intelligent handling of CN-initiated pages in RAN. It shall be noted that improvements in this area are strictly not required to benefit from power boosting and/or reduced TBS solutions. However, such improvements would provide further possibilities to efficiently use the toolbox of paging coverage enhancing techniques, especially for the IDLE state paging.
For CELL_PCH and URA_PCH states, the RNC has a much clearer picture of the UE’s situation when paging it, since the UE already “is known” within the RNC. Hence, the RNC can apply solutions like conditional repetition with coverage enhanced repetitions, i.e. if the RNC does not receive any response to an initial paging attempt then it can e.g. boost the power of any repetitions. Further, the RNC is aware of what features the UE supports as the capabilities have been reported earlier, so the RNC knows if the UE would support a reduced TBS or not.

Capacity impact
It is understood that the paging coverage enhancing techniques comes at a capacity cost. Power boosting could lead to increased interference in the cell, and usage of a reduce TBS reduces the paging capacity in terms of available number of paging records that can be served per time unit.
Applying power boosting of a PCH transport block to extend coverage for one of the paging records in this TB leads to unnecessary high transmit power of the other paging records in the same TB that may target UEs with no coverage problem. Hence, using a smaller TBS may reduce the negative interference impact of power boosting.
Further, it needs to be understood that not employing any coverage enhancing solutions may be a capacity waste in itself, if this e.g. leads to multiple paging attempts where none of the attempts are heard by the UE. 
However, it is clear that applying the coverage enhancing techniques all the time would be a bad idea that would cause an unacceptable capacity impact. This is why they should be used with some care, and preferably only be applied whenever needed. Hence, it is important to include functionality in RAN that enables the RNC in particular to estimate when coverage enhancements may be needed.

Determining when to apply coverage enhancement
Determining when to apply coverage enhancement is primarily up to clever implementation in the RNC. As has been described in section 3.1, the RNC can e.g. use knowledge about radio conditions experienced in previous contacts with the UE in question, use conditional repetitions with enhancements only for retransmission attempts etc.
However, in particular for the IDLE state paging originating from the CN, specification additions on the Iu interface to support more clever handling of the paging transmission in RAN can be envisioned. This has been outlined in section 3.1.

Specification impact
Power boosting
While increasing the power of the S-CCPCH and doing (conditional) repetitions of paging attempts is in principle possible with the current specifications, it is in fact not possible to have dynamically changing transmit power of the attempts. The transmit power of the PCH is configured in NBAP signaling, but there is no signaling included in the PCH frame protocol to enable increased power for certain transport blocks (something that is possible in the FACH frame protocol). It is noted that the same dynamic control of transmit power on a transport block level is missing also for HS-PDSCH based paging. Hence, currently power boosting would be something to apply all the time, with the negative capacity impact this brings.
To enable dynamic power boosting, the frame protocol for PCH (and also HS-DSCH) in TS 25.435 would need to be extended with a power offset to set the power relative to the statically configured power in NBAP.
Reduced TBS
Enabling the reduced TBS solution requires additions in TS 25.331 to configure and signal the new TBS to UEs that are capable of receiving it. Further, some special handling of the rate matching to fill out the radio frame without DTX for the smaller TBS is required, this will impact TS25.212.
Providing more information from CN to RAN to enable clever handling of the page within RAN
It may be premature to identify an exact specification impact. However, it is clear that there will be impact both to RAN and CN specifications in this case.

Comments on HS-PDSCH based paging
The coverage of HS-PDSCH based paging depends on the transmit energy and transport block size, just like for S-CCPCH. Translating transmit power into transmit energy requires taking soft combining into account and the TTI length differences in general between HS-PDSCH and S-CCPCH. However, HS-PDSCH based paging does not contain any special features or characteristics that enable significantly better coverage than S-CCPCH based paging.
When it comes to TBS, currently HS-PDSCH can be seen to have an advantage since the smallest TBS available for HS is 120 bits, which is smaller than the 240 bits typically used on S-CCPCH. With a smaller TBS on S-CCPCH that can be dynamically selected this difference will be eliminated or even swing in favor of the S-CCPCH.
Regarding power boosting, HS-PDSCH and S-CCPCH based solutions suffer from the same drawback with current specifications that dynamic power boosting is not possible. The RNC, which is the node who could know the UE’s need for power boost, cannot tell the Node B to apply a certain amount of power boost since this is not part of the frame protocol.
While S-CCPCH based paging is applicable to IDLE state, the same is not true for HS-PDSCH based paging since the current specifications do not allow for this. However, some additions in the interface between RAN and CN are probably needed to really enable smooth use of coverage enhancement techniques for S-CCPCH also in IDLE state.

[bookmark: _In-sequence_SDU_delivery]Conclusion
In this contribution the applicability and capacity impact of the proposed paging coverage enhancement schemes have been elaborated further. In addition, the specification impact for the different solutions has been outlined. Finally, some aspects of the HS-PDSCH and S-CCPCH based paging schemes have been compared.
Proposal: Capture some of the discussion above in the TR. A text proposal can be found in [5].
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