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1
Introduction
As part of SDT study item a number of coverage enhancements for several physical channels were presented and discussed so far. It was identified that PCH over S-CCPCH is one of the channels that would some improvements in order to meet the criteria of a sufficient coverage with respect to other physical channels which already offer a better coverage. During RAN1#80 two potential solutions to extend the coverage were presented [1, 2]. 

One of the solutions was supposed to enable a usage of a smaller TBS for some of the paging attempts to improve the detection probability. Solution is based on a assumption to use the same transmitted energy but decreasing the number of transmitted [2]. 

In this contribution we would like to present some further analysis on reduced TBS solution. 

2
Reduced TBS solution in PCH over S-CCPCH
In [2] a performance evaluation results as a function of transport block size were presented. Results for 80 bits TBS with1/2 and 1/3 rate code were compared with 240bits and 1/2 convolution code. It could be observed that smaller TBS results in lower required Ec/Ior. 
However this solution might be applied only for new UEs and the rate matching should be processed in such a way that both transport formats i.e. 1x240 and 1x80 fill the S-CCPCH without any DTX.
It was envisioned that actual transport block size which should be a target for this solution is a subject to be discussed. However for the proposed 80 bits size we have already done some observations. 

At this point it is important to note that the PCH channel carries a paging message that depending on a UE state is constructed by either the core network or the RNC. In particular, if a UE is in the CONNECTED state (and in CELL_PCH or URA_PCH state), then the paging message is constructed by RNC whereupon a UE is identified by its U-RNTI in the paging record. On the contrary to it, when a UE is in the IDLE state then the paging message is generated by the core network and the UE is identified by its IMSI number. The U-RNTI identifier is 32 bits, so at least one paging record would fit the 80bits transport block size. However, IMSI number is a variable length field from 15 to 21 digits, each of which needs 4 bits to encode a value in range 0..9 (see 10.3.1.5 in TS 25.331). As mentioned in the aforementioned sub-clause IMSI typically takes 15 digits yielding 60 bits. For the sake of clarity, we present below ASN.1 encoding for the PAGING TYPE 1 message which illustrates that a resulting message with a single record of the 15 IMSI digits will occupy 10 octets, i.e. 80 bits.
RRC message: 40 01 20 00 00 00 00 00 00 00

PCCH-Message : {

message pagingType1 : {

   pagingRecordList {

    cn-Identity : {

      pagingCause terminatingConversationalCall,

      cn-DomainIdentity cs-domain,

      cn-pagedUE-Identity imsi-GSM-MAP : {

        0,  0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0

       }

     }

   }

  }

}
However, a much more important observation is that there will be no room for more IMSI digits, which an operator will resort to using if we assume a massive number of deployed devices. As a result, a solution based on the reduced transport block size becomes somewhat contradicting to the initial assumptions because to support more devices a larger IMSI space might be needed.
3
Conclusions

Small Data Transmission is a specific system environment. We have identified couple of bottleneck channels for which we have investigated solution candidate. Currently investigated solutions for coverage enhancements for PCH channel as it was described in [3] might counter some limitations in implementation i.e. Rel.13 UEs, possible standardization changes in Core Network and limited usability in case of reduced TBS concept as it was aforementioned in this contribution. Taking into consideration some number of repetitions, longer DTX and massive number of devices PCH channel will need specific solutions to be operational in SDT environment. 
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