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1 Introduction

Whether or not to support CSS for transmission of DL control signaling (M-PDCCH) to low cost UEs is currently an open issue (e.g. [1-3]). 
This contribution considers the tradeoffs for supporting or not a CSS for M-PDCCH transmissions to low cost UEs and whether to change the LTE paradigm of relying on CSS for UE-common control signaling.

2 CSS Functionalities and Tradeoffs
CSS exists for legacy UEs to provide scheduling flexibility for UE-common control messages (SIB, RAR, paging), TPC commands for SPS PUSCH (and for HARQ-ACK transmissions in response to SPS PDSCH) and for P-CSI transmissions, and fall-back support in case of re-configurations. Fall-back support is unlikely to be needed for low cost UEs and is not further considered in this contribution; otherwise, it can be supported in a CSS. Additionally, it is simple to support PHICH functionality by CSS [4]. Although for legacy UEs, CSS is not supported by EPDCCH, UE-common control signaling is supported by PDCCH. 

SIB Scheduling

For SIB scheduling, it is important to maintain flexibility at least for the TBS (flexibility in RB assignment is less important as the scheduler anyway needs to avoid SIB RBs due to repetitions and frequency-dependent scheduling is not meaningful for UE-common signaling). As different contents of a SIB need to have different update rates, for example CIF or an UL/DL configuration may need to be updated more often, it is important to maintain the flexibility in adjusting the TBS and not always transmitting with the maximum TBS. RAN2 also confirmed the above and further concluded that it should be possible to configure features in SIB as required by the operator.

It is also beneficial to inform a low cost UE of the number of repetitions for a SIB transmission in order for the LC-UE to know when to stop receiving; otherwise, a maximum number of repetitions should be specified which will often unnecessarily increase SIB acquisition latency and UE power consumption. 
Three alternatives have been suggested to address the above. The first alternative is for a LC-UE to blindly detect SIB according to a predefined set of TBS. The first alternative increases low cost UE complexity (effectively, the low cost UE is forced to simultaneously detect multiple data TBs which has been agreed to not be supported) and still offers limited flexibility as the set of TBS needs to be predefined among a small number of possible TBS. Moreover, no information is provided for the number of repetitions for the SIB transmission (e.g. for SIB-1). 
The second alternative is to include scheduling information for SIB-1 in the MIB and include scheduling information for SIB-x (x>1) in SIB-1 (some scheduler restrictions are needed). Assuming restriction of SIB-1 TBS to 4 values and coverage enhancement level also to 4 values (e.g. no enhancement, 6 dB, 12 dB, 18 dB), 4 spare bits will be needed in the MIB. Further considering 1 spare bit to indicate whether low cost UEs are supported, there will be 5 remaining spare bits in the MIB which may be acceptable. 

The third alternative is to use a CSS to schedule SIBs (or at least to schedule SIB-1). As the DCI format will have a small size, compared to the size of the associated SIB, the improved flexibility to adjust the TBS and the number of repetitions will have a net positive impact on the low cost UE power consumption, access latency, and system spectral efficiency. Specification impact is also expected to be minimal as the same M-PDCCH transmission principles as for the UE-specific search space can be re-used. 
Observation 1: For low cost UEs, use of CSS or use of the MIB to provide scheduling information for SIB-1 and of SIB-1 to provide scheduling information for SIB-x (x>1), can provide the necessary functionality for SIB transmissions with minimal complexity or specification impact.
RAR Scheduling

For RAR, the flexibility to adjust the TBS (instead of always assuming a predefined maximum TBS which can potentially be very large to minimize failures to respond to RA preamble detections) is as important as for the SIB. The first or third alternative (blind decoding for a predefined set of TBS or CSS) can apply with similar tradeoffs. Using CSS is preferable.
It has been suggested (e.g. [2]) to change the RAR functionality to UE-specific (i.e. instead of the RAR being capable to address multiple UEs within a RAR window). This removes the problem of having a variable TBS for the RAR message. However, such functionality also leads to increased blocking probability, as multiple UEs may need to receive RAR in same time-frequency resources that cannot be dynamically adjusted, increased UE power consumption due to multiple decoding windows to reduce blocking, complicated network operation, and degraded spectral efficiency (multiple RARs instead of single RAR with more efficient encoding, multiple CRC overhead which can be comparable to the RAR message size). For example, for RAR repetitions (likely due to a ~4 dB loss from 1 Rx antenna and the low BLER target for the RAR), simultaneous use of multiple groups of 6 PRBs for RAR transmissions may not always be possible due to spectrum availability or existence of latency-sensitive applications for legacy UEs. In general, for robust real-world operation, design restrictions for network access and unnecessary scheduler complexity should be avoided. 
In addition to the RAR message, in case CSS is not supported, either additional scheduling information will need to be included in the RAR message to provide scheduling for Msg4 and additional information will need to be included in Msg4 to provide scheduling information for the PDSCH providing RRC configuration or other explicit or implicit means will need to be specified. Similar disadvantages as for the RAR message transmission exist and additional specification support will be necessary as the whole operation significantly departs from the Rel-12 operation. 

Observation 2: Scheduling RAR by CSS is preferable for low cost UEs and it is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single RAR message.
Paging
Scheduling for paging has similarities with the one for RAR. For example, for Rel-12 UEs, paging is dynamically scheduled on a paging occasion subframe and a paging message can address multiple UEs as determined by the associated DCI format. This is beneficial for a network as it only needs to track an area for idle mode mobility instead of tracking individual UEs (different groups of UEs monitor paging in different subframes). For low mobility Rel-13 low cost UEs, having individual paging messages and respective subframe configurations for monitoring paging may not complicate existing network implementations but not all Rel-13 low cost UEs are necessarily low mobility UEs and paging occasions for low mobility UEs are anyway expected to be infrequent.

Similar to RAR, using a paging message for a single UE results to relatively small message sizes (in the range of 30-70 bits), thereby increasing relative CRC overhead and making turbo coding suboptimal (single paging massage transmission is also possible in Rel-12 but it is not a typical). Blocking can also be an issue as the number of Rel-13 low cost UEs can be large, can mostly be in RRC IDLE state, and a large number of them or even all of them in case of system information updates may need to be paged. Repetitions of paging messages over multiple subframes will further exacerbate blocking, increase UE power consumption, and the latency before a respective update can occur. 

Observation 3: Scheduling paging by CSS is preferable for low cost UEs and it is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single paging message.

TPC commands for SPS PUSCH and PUCCH in for SPS PDSCH
Given the small data TBs associated with many applications for low cost UEs and the large number of low cost UEs, SPS is expected to be extensively utilized and associated support should be provided. Similar to legacy UEs, DCI Format 3/3A transmissions should also be supported for Rel-13 low cost UEs. Also, for SPS PUSCH, it is trivial to provide PHICH functionality in the same manner as TPC functionality [4]. 
Observation 4: Support for DCI Format 3/3A transmissions is a functional requirement for Rel-13 low cost UEs. PHICH functionality can also be provided in the same manner.
Based on the above discussion and observations, CSS support should be provided for Rel-13 low cost UEs. 
Proposal: CSS is supported for Rel-13 low cost UEs. 

3 Conclusions

This contribution considered tradeoffs related to CSS support for Rel-13 low cost UEs. Based on the observations the following is proposed. 
Observation 1: Use of CSS or use of a nested scheduling structure where scheduling information for SIB-(x+1) is provided in SIB-x (MIB = SIB-0), can provide the necessary functionality for SIB transmissions with minimal complexity or specification impact.

Observation 2: Scheduling RAR by CSS is preferable for low cost UEs and it is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single RAR message.

Observation 3: Scheduling paging by CSS is preferable for low cost UEs and it is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single paging message.

Observation 4: Support for DCI Format 3/3A transmissions is a functional requirement for Rel-13 low cost UEs. PHICH functionality can also be provided in the same manner.
Proposal: CSS is supported for Rel-13 low cost UEs. 
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