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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].
Our initial thoughts on the design of physical data channels and associated physical control channels are captured in contribution [2]. For downlink transmission, the main components are:
· Resource allocation through EPDCCH with configurable EPDCCH repetition factor

· Subframe bundling of PDSCH with configurable PDSCH bundle size

· UE monitoring/reception of either up to 6 EPDCCH PRBs or up to 6 PDSCH PRBs at a time

· The EPDCCH subframes are transmitted before the associated PDSCH subframes

Figure 1 shows a simplified illustration. Further components such as frequency hopping can be envisioned.
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Figure 1: Illustration of EPDCCH and PDSCH/PUSCH transmission.
In this contribution we discuss the feasibility of using this structure not only for unicast data transmission but also for transmission of higher layer control messages such as system information blocks (SIB), random access responses (RAR) and paging requests and the special requirements that these higher layer control messages may pose on the physical layer solution.
2 RAR transmission
The RAR message is transmitted in response to a PRACH preamble from the UE during the random access procedure.

As already discussed in [3], the current multiplexing of RAR messages intended for different UEs into a single jointly encoded transport block (today scheduled with RA-RNTI on PDCCH common search space) may not be suitable for bandwidth reduced and/or coverage enhanced UEs. The coverage and capacity for legacy RAR messages will suffer if all messages have to be bandwidth reduced and/or power boosted in order to be receivable by bandwidth reduced UEs [4]
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[5]. In enhanced coverage, where each RAR message needs to be repeated, the problem becomes even worse.

Hence it makes sense to consider UE-specific separately encoded (not jointly encoded) transmissions with the possibility of repetition for RAR messages to bandwidth reduced and/or enhanced coverage UEs. Simultaneous transmission of RAR messages to more than one of these UEs should still be possible assuming that the RAR messages can be frequency multiplexed or jointly coded.
Proposals:
· A RAR message intended for a bandwidth reduced and/or coverage enhanced UE supports PDSCH subframe bundling with multiple bundle sizes.

· A RAR message intended for a bandwidth reduced and/or coverage enhanced UE can be separately encoded per UE.

A bandwidth reduced UE needs to know the frequency location of the up to 6 EPDCCH PRBs that it is supposed to monitor for the RAR message during the random access procedure. The UE also needs to know the RAR repetition level (or, more precisely, the repetition factors for the EPDCCH and the PDSCH that convey the RAR message).
If PRACH repetition levels are configured within each cell as described in [6][7] then the most straightforward solution seems to be to introduce a mapping between PRACH and RAR. The UE selects a PRACH sequence with the desired PRACH repetition level. The RAR frequency location and RAR repetition level are then given by the PRACH sequence in some predefined or configured way. This approach is illustrated in Figure 2.
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Figure 2: Mapping between PRACH and RAR.
Observations:
· One possible solution is to derive the RAR frequency location from the PRACH sequence but this approach will restrict the scheduling flexibility for eNB to some extent.
· One possible solution is to derive the RAR repetition level from the PRACH repetition level but this approach will restrict the scheduling flexibility for eNB to some extent.
· If a very small set of transport block sizes would be sufficient for RAR, then it may not be necessary to indicate the PDSCH MCS in EPDCCH but rely on blind PDSCH MCS detection without the need to transmit EPDCCH.
We intend to investigate these approaches further till the next meeting.
3 Paging request transmission

The reasoning above also holds for paging requests [3], i.e. in order to achieve efficient transmission of paging requests (to legacy UEs as well as bandwidth reduced and/or enhanced coverage UEs), it makes sense to consider UE-specific separately encoded paging request messages to bandwidth reduced and/or enhanced coverage UEs. Simultaneous transmission of paging request messages to more than one of these UEs should still be possible assuming that the paging request messages can be frequency multiplexed or jointly coded.
Proposals:
· A paging request message intended for a bandwidth reduced and/or coverage enhanced UE supports PDSCH subframe bundling with multiple bundle sizes.

· A paging request message intended for a bandwidth reduced and/or coverage enhanced UE can be separately encoded per UE.

A bandwidth reduced UE needs to know the frequency location of the up to 6 EPDCCH PRBs that it is supposed to monitor for paging request messages at the paging occasions, i.e. the UE needs both a paging occasion and a “paging location”. Similarly to the paging occasion, this frequency location could be derived e.g. from the UE ID. This approach is illustrated in Figure 3.
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Figure 3: Mapping between paging info from MME and paging transmission format from eNB.
The UE also needs to know what paging request repetition level (or, more precisely, the repetition factors for the EPDCCH and the PDSCH that convey the paging request message) to assume. Rel-12 introduces an extension to the S1AP paging request signaling in order to allow the MME to assist the eNB by providing the eNB with the knowledge whether the paging request is intended for a Cat-0 UE or for some other UE [6]. This S1AP paging request signaling may need to be further extended in order to provide the eNB with the knowledge that the paging request is intended for a bandwidth reduced and/or enhanced coverage UE.
It would be beneficial from downlink resource consumption point of view if the eNB would not always have to apply the worst case paging request repetition level, corresponding to e.g. 15 dB even if the UE is in good coverage. It remains to be seen to what extent the MME might be able to provide the eNB with an adequate UE-specific repetition level, e.g. based on the history of the UE.
Furthermore it would be beneficial from UE power consumption point of view if the UE would not always have to monitor the downlink for paging requests assuming the worst case repetition level. For example, the UE may be able to do early termination in its decoding attempt if it can make an estimate of the downlink quality that is indicative of the number of required repetitions for successful reception of the paging request message.
Observations:
· One possible solution is to derive the paging request frequency location from the UE ID but this approach will restrict the scheduling flexibility for eNB to some extent.

· It would be beneficial from downlink resource consumption point of view if the MME could provide the eNB with an adequate UE-specific paging request repetition level. The feasibility of this is FFS.

· It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.
· If a very small set of transport block sizes would be sufficient for the paging request message, then it may not be necessary to indicate the PDSCH MCS in EPDCCH but rely on blind PDSCH MCS detection without the need to transmit EPDCCH.

We intend to investigate these approaches further till the next meeting.

4 SIB transmission
The bandwidth reduced and/or enhanced coverage UE needs to read at least some system information in order to access the system. There are some reasons why it seems infeasible or very challenging to require this UE to read the legacy SIB transmissions:

· Bandwidth reduced UE cannot monitor the PDCCH common search space.

· Transmitting the larger ones of the SIBs within 6 PRBs with sufficient coverage requires very many repetitions even without the 15-dB coverage enhancement [4]
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[5].

· The transport block size used for legacy SIBs can be up to 2216 bits. The Rel-13 low complexity UE may only be able to manage 1000 bits transport block size (TBD).

Re-using the existing SIB transmissions will also have a negative impact on legacy UEs. For example, the restriction on the number of PRBs and transport block size may imply an increased acquisition time and some SIBs may need to be reduced in size.

Furthermore, if a new physical layer transmission format for SIBs is introduced, there are a several reasons why the legacy SIB messages (as defined in TS 36.331) should probably not be mapped directly to the new physical layer transmission format:

· The Rel-13 low complexity UE may only be able to manage 1000 bits transport block size (TBD), which may create a potential need for segmentation of large legacy SIB messages, e.g. SIB 5.
· Some legacy SIB contents will not be applicable (e.g. the legacy SI scheduling info in legacy SIB 1).

· There will be some new SIB contents which may not need to be transmitted in the legacy SIBs (e.g. PRACH repetition level related info and potential new SIB scheduling info).

These and other reasons leads to the conclusion that the bandwidth reduced and/or coverage enhanced UE should not be required to read the legacy SIB transmissions, and that some SIB message redesign will be needed.

Observations:
· It seems infeasible or very challenging to require a bandwidth reduced and/or enhanced coverage UE to read the legacy SIB transmissions, which means that a new SIB transmission format will be needed.
· The legacy SIB messages cannot easily be mapped directly to a potential new SIB transmission format but will need some redesign.
Our conclusion is that a new SIB transmission format should be based the same EPDCCH/PDSCH structure as other downlink transmissions.
A bandwidth reduced UE needs to know both the time and the frequency location of the up to 6 EPDCCH PRBs that it is supposed to monitor for the SIB message(s). It may be tempting to choose the center 6 PRBs as the SIB frequency location but a frequency hopping solution should be considered in order to mitigate the performance impacts of the lack of frequency and space diversity (only 6 PRBs and only 1 receive antenna). The UE also needs to know the SIB repetition level (or, more precisely, the repetition factors for the EPDCCH and the PDSCH that convey the SIB message).
Observations:
· A new SIB scheduling solution is needed, including some means to inform the UE that the system information has been modified.
· Frequency hopping may provide valuable diversity gains for any transmission including SIB.

· The SIB repetition level may be different for different SIBs but at least the SIB(s) containing the information needed to perform initial access need to be receivable in the whole enhanced coverage cell.
SIB 1, SIB 2 and, possibly, SIB 14 contain the system information required to perform an initial access, but they also contain many information elements that may not be that relevant for a coverage enhanced UE, such as SIB scheduling for other SIBs and radio resource control for channels and modes that cannot be used. An option would be to create a new SIB containing only the needed information; our initial estimates indicate that 100-200 bits may be required, maybe less [8]
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[9]. The periodicity of such a new SIB could potentially be much larger than 20 ms. The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time would ultimately need to be decided by RAN2.
Observation:

· The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time need to be judged by RAN2.

System information that is not required for initial access could potentially be unicasted to the UE instead of broadcasted, but this would require the UE to enter RRC connected mode to retrieve the SIB information. The feasibility of such approaches would also need to be judged by RAN2.

5 Conclusions
Proposals:
1. A RAR message intended for a bandwidth reduced and/or coverage enhanced UE supports PDSCH subframe bundling with multiple bundle sizes.

2. A RAR message intended for a bandwidth reduced and/or coverage enhanced UE can be separately encoded per UE.

3. A paging request message intended for a bandwidth reduced and/or coverage enhanced UE supports PDSCH subframe bundling with multiple bundle sizes.

4. A paging request message intended for a bandwidth reduced and/or coverage enhanced UE can be separately encoded per UE.

Observations:
1. One possible solution is to derive the RAR frequency location from the PRACH sequence but this approach will restrict the scheduling flexibility for eNB to some extent.

2. One possible solution is to derive the RAR repetition level from the PRACH repetition level but this approach will restrict the scheduling flexibility for eNB to some extent.

3. If a very small set of transport block sizes would be sufficient for RAR, then it may not be necessary to indicate the PDSCH MCS in EPDCCH but rely on blind PDSCH MCS detection without the need to transmit EPDCCH.

4. One possible solution is to derive the paging request frequency location from the UE ID but this approach will restrict the scheduling flexibility for eNB to some extent.

5. It would be beneficial from downlink resource consumption point of view if the MME could provide the eNB with an adequate UE-specific paging request repetition level. The feasibility of this is FFS.

6. It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.

7. If a very small set of transport block sizes would be sufficient for the paging request message, then it may not be necessary to indicate the PDSCH MCS in EPDCCH but rely on blind PDSCH MCS detection without the need to transmit EPDCCH.

8. It seems infeasible or very challenging to require a bandwidth reduced and/or enhanced coverage UE to read the legacy SIB transmissions, which means that a new SIB transmission format will be needed.

9. The legacy SIB messages cannot easily be mapped directly to a potential new SIB transmission format but will need some redesign.

10. A new SIB scheduling solution is needed, including some means to inform the UE that the system information has been modified.

11. Frequency hopping may provide valuable diversity gains for any transmission including SIB.

12. The SIB repetition level may be different for different SIBs but at least the SIB(s) containing the information needed to perform initial access need to be receivable in the whole enhanced coverage cell.

13. The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time need to be judged by RAN2.
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