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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. Some related observations and agreements were concluded during RAN1#80bis as follows [1]

Observations:
· For Rel-13  MTC UEs in both normal coverage and enhanced coverage, the initialization of UE-specific EPDCCH configuration can be performed based on
·  Alt.1A: Dedicated RRC signaling scheduled by EPDCCH in common search space(CSS) if CSS is supported
· The parameters for UE-specific EPDCCH set initialization are included in the RRC signaling scheduled by EPDCCH in CSS
· FFS: The configuration and design of this CSS
· Alt.1B:  Signaling scheduled by EPDCCH in common resources (ref. R1-150060)

· The parameters for UE-specific EPDCCH set initialization are scheduled in common resources
· Alt.2: System information blocks for MTC
· The parameters for UE-specific EPDCCH set initialization are included in the SIBs 
· FFS: Details of scheduling of SIB
· Alt.3A: Messages during RACH: RAR
· The parameters for UE-specific EPDCCH set initialization are included in the RAR
· FFS: Details of scheduling of RAR
· May be combined with Alt.1 or Alt.2
· Alt.3B: Messages during RACH: Message 4
· The parameters for UE-specific EPDCCH set initialization are included in message 4
· FFS: Details of scheduling of message 4
· Other alternatives are not precluded
Agreements:
· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity

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, 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 relatively simple to support PHICH functionality by CSS at least for SPS PUSCH [2]. Although for legacy UEs, CSS is not supported by EPDCCH, UE-common control signaling does exist and is supported by PDCCH. 

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. Given the impact on the receiver complexity, a low cost UE is not expected to decode multiple TBs in a same subframe (already a RAN1 agreement) and therefore, if the RAR TBS is not adjusted, the alternative is to have a predetermined value corresponding to a number of UEs the RAR can address. To avoid unnecessary overhead as the RAR may occasionally address a single UE, if the RAR has a predetermined size, it can be the size corresponding to a single UE.

The case of scheduling the RAR transmission to a number of UEs through a UE-common DCI format, similar to Rel-12, is subsequently compared to the case where a RAR transmission is with predetermined parameters and can only address a single UE.

A UE-specific RAR addressing a single UE can result to RAR transmissions being blocked as multiple UEs may need to receive RAR in same time-frequency resources that cannot be dynamically adjusted. If a network also supports multiple coverage enhancement (CE) levels, blocking becomes more significant as the network has even less flexibility when and where to transmit respective RARs. A solution can be to use TDM for RA preambles for different CE levels but this is not easily feasible particularly in TDD systems without incurring a significant increase in system access latency. Considering the large number of low cost UEs that can exist in a network and the likelihood for CE operation even without large path-loss (e.g. due to 1 RX for RAR reception or due to 20 dBm PA for RA preamble transmission), blocking probability can be a frequent event even when most UEs are in extended DRX. For example, assuming 5000 RRC_CONNECTED low cost UEs in a network (~10x compared to legacy UEs [3]), and that each low cost UE applies extended DRX over 10 minutes and initiates PRACH after exiting DRX, there will be ~8 UEs, on average, transmitting RA preambles per subframe. Clearly, the blocking probability for respective RARs in such case is significant. Other assumptions can result to different number of UEs transmitting RA preambles per subframe but, in general, the blocking probability for RAR transmissions to low cost UEs is likely to be large considering their large number. 
To compensate for blocking, a different type of a RAR window needs to be specified where a UE attempts to detect a RAR. This RAR window will have to be large, especially for RAR transmissions with repetitions, resulting to multiple UE decoding operations, increases system access latency, and increased UE power consumption. 

A missed RAR due to blocking can have additional ripple effects as the UE will need to repeat the RA preamble transmission, possibly in a higher CE level, prolong system access, and may even result to unstable operation in case RAR transmission to some UEs is blocked, then those UEs join other UEs that transmit RA preamble at later subframe(s), resulting to RAR transmissions to more UEs being blocked, etc. 
In terms of spectral efficiency, restricting a RAR to always address a single UE results to duplicated CRC in each RAR and to less coding gains as the message size is the minimum one. While DCI format transmission is also associated with overhead, the DCI format size is not expected to be large, the number of respective repetitions is expected to be smaller than the ones for each RAR and therefore the DCI format overhead normalized by the number of individual RAR messages it schedules, on average, is small. Spectral efficiency is also likely to be impacted if the RAR conveys the configuration of the PRBs for the UE-specific search space. Despite these PRBs being configured in a UE-specific manner, they will in practice be the same for many, if not all, low cost UEs and therefore duplication of this information in each RAR message can be detrimental. Therefore, even though a RAR addressing multiple UEs will require more repetitions that a RAR addressing a single UE, the total number of repetitions for multiple individual RARs addressing the multiple UEs is larger. 
Finally, RAR transmission without dynamic scheduling can result to restrictions in overall scheduling flexibility in a network especially considering that some RBs may need to be configured for other purposes (e.g. EPDCCH, ICIC, SPS PDSCH) and may not be dynamically adjusted. Then, if a network is also unable to adjust RBs used for RAR transmissions, potentially to multiple UEs or for multiple CE levels, scheduling flexibility for legacy UEs is further restricted. 
Observation 1: Scheduling RAR by CSS is preferable for low cost UEs. 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 2: Scheduling paging by CSS is preferable for low cost UEs. It is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single paging message.

Based on the previous two observations, and similar to legacy operation, Alt. 2 is proposed for the number of UEs in a paging/RAR message and Option 1 is proposed for the paging/RAR transmission mechanism.
Proposal 1: A variable number of UEs is supported in a paging/RAR message. M-PDCCH scheduled a paging/RAR message transmission that is conveyed by a PDSCH.

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 [2]. 
Observation 3: 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 2: 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. The following are observed. 
Observation 1: Scheduling RAR by CSS is preferable for low cost UEs. It is detrimental to remove the Rel-12 functionality for addressing multiple UEs with a single RAR message.

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

Observation 3: 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 previous observation and on the analysis, the following are proposed.

Proposal 1: A variable number of UEs is supported in a paging/RAR message. M-PDCCH scheduled a paging/RAR message transmission that is conveyed by a PDSCH.

Proposal 2: CSS is supported for Rel-13 low cost UEs. 
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