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1
Introduction

During the RAN1#79 meeting, there were a number of contributions aiming at analysing coverage limitations of all the major DL channels in the context of the small data for small data transmission enhancements [1]. Referring to analysis and conclusions presented in [2,3], one can see that the DL paging channel is one of the system bottlenecks. More precisely, the PCCH channel is the one that may fail to reach UEs in severe radio conditions. 

In this discussion paper we elaborate on possible solutions also by pointing out to some existing functionality and enhancements defined by 3GPP.

2
S-CCPCH based paging

Referring back to the PCCH channel coverage analysis presented in [2,3], one can notice that the aforementioned papers mention repetitions as a possible way/solution to solve the coverage issue. Based on additional simulation results in [2],  it is suggested that two additional repetition might be needed i.e. overall there are three transmissions. 

It bears mentioning that TS 25.331 already allows the network to repeat the PCCH message a few times for better reliability, as indicate in the following excerpt from sub-clause 8.1.2.2:

UTRAN may repeat transmission of a PAGING TYPE 1 message to a UE in several paging occasions to increase the probability of proper reception of a page.

The aforementioned sub-clause does not put any requirement on the UE side with regards to how it should combine multiple PCCH messages. It could be left for the UE implementation or could be specified in a more explicit way. 

One of the limitations of repeating the PCCH message in consecutive paging occasions is that both UTRAN and a UE have to wait for the next paging opportunity. Depending on the DRX cycle, which is typically 640..1280ms, three PCCH transmissions may take up to 1920..3840ms. Such a long delay may impact not only the UTRAN timers, but also some application level timers for a case when a UE is in URA_PCH or CELL_PCH state.

3
HS-PDSCH based paging

It is worth noting that Rel-7 defines a feature for the network to send and a UE to receive and combine multiple instances of the same PCCH message.  According to TS 25.306, the feature is called “Support of HS-PDSCH in CELL_PCH and URA_PCH”. One of its functional components is a so-called HSDPA based paging, as further procedurally clarified in TS 25.331 sub-clause 8.5.40. 

Referring to the configuration parameters of the HSDPA based paging defined in TS 25.331 sub-clause 10.3.6.36d:

1. The network can configure the transport block size for the PCCH message, whereupon the network can even broadcast two different values for better flexibility. The transport block size index of 1..32 corresponds to 120..368 bits, as per TS 25.321.

2. The network can indicate the maximum number of consecutive PCCH transmissions that a UE could expect while receiving, combining and decoding data. At the moment, TS 25.331 allows for up to five transmissions occupying 10ms as with the S-CCPCH based transmission.

Even though this paper does not aim at comparing performance of PCCH performance over S-CCPCH versus HS-PDSCH, it is possible to make the following observations:

1. Five consecutive PCCH transmissions over HS-PDSCH with 2ms TTI and transport block size of 240 bits should be comparable to the PCCH over S-CCPCH performance with 10ms TTI and the same transport block size (240 bits transport block size is also considered in [1,2]).

2. If the HS-PDSCH transport block size is reduced down to 120 bits, then its performance should be similar and even better when compared to two PCCH transmissions over S-CCPCH with 240bits. One of the main reasons is that HSDPA based paging will use data combining across all the five transmissions. 

3. As the minimum HS-PDSCH transport block size is 120 bits and the maximum number of PCCH transmissions is five, further improvements can be achieved by means of repeating the same paging message in the next paging cycle, as sub-clause 8.1.2.2 in TS 25.331 is not limited only to the S-CCPCH based paging.

4
Conclusions

In this discussion paper we have presented our analysis and findings in response to the analysis of the PCCH channel performance provided in [2,3]. Repetition of the PCCH data is a valid mechanism to improve robustness, which is already allowed by TS 25.331. The only concern is that each repetition requires waiting for the next paging cycle thus delaying noticeably an overall time a UE would need to get an access to the system. 

It is also important to note that once a UE is successfully paged, the latter typically needs to read the MIB value tag from BCCH. If a UE was in a different cell, or does not have cached system information, or its cached system information is not valid (due to expired timer or changed value tag), then the whole system information should be read again. In a situation of limited DL coverage, a UE may resort to reading multiple BCCH cycles  to acquire the system information [4]. 

Observation 1a: Repetition of the PCCH message is already allowed by TS 25.331 and could be applied to both S-CCPCH and HSDPA based paging.

Observation 1b:  The S-CCPCH based paging may take up to a few seconds depending on the required number of transmissions and configured paging cycle. 

Observation 1c: If a UE has to (re-)acquire SIBs, then the overall access delay may become quite large, especially if several BCCH cycles are needed.

Referring to some discussion papers considering a state for the MTC UE, one can notice that URA_PCH and CELL_PCH are considered as a good trade-off between UE power consumption and reduction of the core network signalling load. The aforementioned states also allow for fast transition to CELL_FACH when there is a need to exchange data (with an assumption that enhanced DL/UL for CELL_FACH is supported by a UE and is deployed by the network). For a UE being in either URA_PCH or CELL_PCH, the HSDPA based paging seems to be more efficient as a UE  is required to combine data from all the PCCH transmissions. As mentioned briefly in section 3, five consecutive transmissions of the HSDPA based paging data with the transport block size of 120bits should be even more efficient than two S-CCPCH transmission (with 240bits) requiring only 10ms. It also bears mentioning that the HSDPA based paging allows to configure two different transport block sizes, which in turn allows the network to select e.g. 120bits for devices in harsh radio conditions and a larger transport block size for other cases.

It is nevertheless worth noting that the HSDPA based paging cannot be applied to a UE in the IDLE mode; and we cannot assume either that all the MTC devices will be kept in URA_PCH/CELL_PCH state in spite of benefits they provide. One of the reasons is that a UE can release the RRC connection upon its own even if the network has moved it to the URA_PCH/CELL_PCH state. 

Observation 2a: The HSDPA based paging offers better performance and flexibility.

Observation 2b: The HSDPA based paging is not applicable for the IDLE state.
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