3GPP TSG GERAN #69		Tdoc GP-160025
[bookmark: _Ref515183447]15th – 19th February, 2016		Agenda item 7.1.5.1.2, 7.2.5.2.5
Source: Ericsson LM
3GPP TSG GERAN #69		Tdoc GP-160025
[bookmark: _GoBack]Design and performance aspects of EC-PCH
[bookmark: _Ref413203676]Introduction
At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1]. 
The paging channel (EC-PCH) design is described in [2] and [3]. In [4], some potential drawbacks of the design were listed and a number of modifications/enhancements were proposed. This contribution contains an analysis of the EC-PCH design.
Implications of the current EC-PCH design
In [4] the following implications of the current EC-PCH design were listed:
· Current EC-PCH design leads to blocking of lower Coverage Class users when a higher Coverage Class user is scheduled. 
· Paging decoding failures are expected at the device for higher Coverage Classes. Even though there is no impact of this failure, if this decoding attempt can be avoided in such cases, it will improve overall device energy saving.
· Even though the current paging message supports sending paging records for two devices in the same message it cannot be effectively used with EC-PCH in case the two devices to be paged are across different Coverage Classes.
These limitations are analyzed in the following sections.
Paging to high CC MS leads to blocking of lower CC MS
When a MS in a high DL Coverage Class is paged, up to 64 blind physical layer transmissions of one burst can be used. During the transmission of the paging block, at most one other MS can be paged in the same paging block. The other MS can be of the same or a lower Coverage Class. In case more MSs need to be paged during the transmission, a page mode indicator can be set to indicate to other MS in overlapping paging groups to monitor other paging blocks.
Given the above and also that a fairly small fraction of the MS are expected to be in extended coverage, the probability of delayed paging due to blocking by a MS in a higher Coverage Class is expected to be reasonably small.
In [4] the use of VAMOS on EC-PCH is proposed. This would reduce the probability of EC-PCH blocking but also has some disadvantages. First, mandatory support of at least DARP Phase 1 (SAIC) is needed in the EC-EGPRS MS. Second, use of VAMOS will split the transmitted energy between two users, which would negatively impact the link budget, especially for the MS of the higher Coverage Class. The latter problem can to some extent be reduced by use of AQPSK with a high SCPIR, but accurate knowledge of the required transmit power to a given MS may not be available.
Paging to low CC MS leads to energy waste of high CC MS
When a MS in a high DL Coverage Class is monitoring its paging group, it will receive and accumulate blind physical layer transmissions according to its Coverage Class, and demodulate and attempt to decode the paging block. In case paging messages, or EC-AGCH messages, are sent according to a lower Coverage Class during that block, the decoding will be unsuccessful (CRC failure), and the energy used to receive the block will be wasted.
In [4] it is proposed to use different training sequences for different Coverage Classes to reduce the energy consumption. The MS can go to sleep mode without decoding the message if the TSC of its Coverage Class is not detected with sufficient SINR level. It is recognized by the sourcing company that this could be of benefit to devices in extended coverage, helping to boost battery lifetime. In the view of the sourcing company, the important aspect for energy savings is to minimize the RF window time, while the baseband processing of decoding the block, as mentioned in [4], should be of less relevance.
The merits and drawbacks of this proposal are yet to be determined. However, it can be noted that using four TSCs per cell complicates TSC planning, especially since the EC-PCH is located on the BCCH carrier and therefore needs to be transmitted with full power (or with a power reduction of at most 6 dB if BCCH power reduction is used). 
In the section below an alternative approach that does not rely on the use of multiple orthogonal training sequences, but on detection of non-repeated bursts, is investigated. The detector is based on the same correlator that could be expected to be used by devices when performing the IQ accumulation over the blind transmissions if coherency across TDMA frames is not assumed.
[bookmark: _Ref437917305]Detection of non-repeated bursts
If a paging block to a MS in a high Coverage Class is transmitted, the same burst will be repeatedly transmitted throughout the reception window of the MS. On the other hand, if MSs in lower Coverage Classes are being paged, the transmitted bursts will be different. A MS in a high CC can utilize this difference to determine that it is not the intended receiver of the transmitted blocks. The earlier this can be detected, the sooner the high Coverage Class MS can discontinue its reception and go back to sleep.
Since the EC-PCH uses a single burst that is transmitted 2, 8, 16 or 64 times (current working assumption), it is possible to correlate consecutive bursts to detect whether they are repetitions or not. Figure 1 illustrates the case of 16 blind physical layer transmissions (top) and 2 blind physical layer transmissions (bottom).
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[bookmark: _Ref437912049]Figure 1: Top: Illustration of one EC-PCH block using 16 blind physical layer transmissions. Bottom: Illustration of eight EC-PCH blocks using two blind physical layer transmissions each.
The performance of this approach has been evaluated by link simulations. In the simulator, the correlation between consecutive bursts is calculated at positions where a block boundary may occur (shown by arrows in Figure 1). In case the correlation is below a certain threshold at a given potential block boundary, the reception is discontinued.
The detector was tuned to make sure that reception was discontinued for at most 1 % of received blocks with the wanted Coverage Class. Then the same detector was applied on blocks with a lower Coverage Class to determine the probability that block borders are detected after a given number of received bursts.
The results are shown in Figure 2 for the case that the Coverage Class of the receiving MS is CC3 (16 blind physical layer transmissions) whereas the Coverage Class of the received signal is CC1 (2 blind physical layer transmissions). The probability that no block boundary is detected after 3, 5, 7, 9, 11, 13 and 15 received bursts is shown.
A probable operating point of CC3 is around Eb/N0 = 0 dB.
E.g., it can be seen that after three received bursts (blue curve; first potential block boundary passed), the probability of not detecting the boundary is about 0.15 at Eb/N0 = 0 dB, i.e., with about 85 % probability the first block boundary will be detected.
It can also be noted that at Eb/N0 = 0 dB, the probability that no boundary at all is detected (black curve) is around 1 %. Hence, unnecessary decoding attempts can to a large extent be avoided. 
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[bookmark: _Ref437913508]Figure 2: Probability that no block border was detected after different number of received bursts.
The average number of received bursts until a block boundary is detected (or, in case no boundary is detected, until the entire block is received) is shown in Figure 3. It can be seen that at Eb/N0 = 0 dB, the average number of bursts is around 4.
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[bookmark: _Ref437914055]Figure 3: Average number of received bursts before a block boundary is detected.
Detection of block boundaries will be slower if the received signal has a Coverage Class that is only one class lower than the Coverage Class of the receiving MS. This has not been evaluated but since the majority of the MS will be in normal coverage, it is the most likely case that the received signal will be using CC1.
A similar detector could be used on other channels as well (e.g., EC-AGCH or EC-PDTCH).
Conclusions
A number of modifications to the current EC-PCH design have been proposed in [4].  Although the proposals may have some merits (ffs), they do not seem to be crucial for the operation of the EC-PCH and also imply a complexity increase. The current design in combination with implementation-specific solutions (see e.g. section 4.1 that evaluates a method to save energy by discontinuing reception if the received block does not seem to be intended to the receiving MS) seems like a promising approach to minimize reception time of the MS if the block is not intended for it. 
It can be noted that the simulation results are at this point considered to be preliminary. 
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