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1. Introduction
This paper discusses some technical analysis about RAR enhancement for R13 LC-MTC UEs and some detail design for a control-less RAR.    
2. Discussion
Current RAR is conveyed in PDSCH, which is scheduled by a DCI scrambled by RA-RNTI within a common search space (CSS) by PDCCH. However, Rel-13 low complexity MTC UEs with bandwidth reduction cannot decode existing PDCCH distributed to whole channel bandwidth. Then, legacy RAR scheduled by PDCCH cannot supported by LC MTC UEs. Even if a CSS is introduced to M-PDCCH (physical downlink control channel for MTC UEs), legacy RAR transmission will be limited to 1.4MHz and TBS restriction to 1000 bits [1], which will introduce scheduling limitation to eNB side. Further, it may introduce a duplicate of resource overhead if RARs for normal UEs and LC MTC UEs are multiplexed, since LC MTC UEs cannot receive control channel and RAR at different MTC sub-bands simultaneously under bandwidth reduction.  Further, a communication system is quite clean without much diverse solutions.
Then, RAR enhancement for LC MTC UEs with or without coverage enhancement is necessary. Normal UEs in coverage enhanced mode can be regarded as LC MTC UEs without any enhancement to legacy channel (e.g., PDCCH/PDSCH repetition). To differentiate normal UEs in normal coverage, normal UEs in CE mode and LC MTC UEs w/wo coverage enhancement are named as “LC MTC UEs”. 
Another consideration to enhance RAR for “LC MTC UEs” is enhanced RAR can be transmitted without control signaling. In CE mode, more control channel overhead will be anticipated. In addition, it may cause a larger latency due to repeated transmission of control channel. More repetitions also increase power consumption at UE side and drain the battery life.  The following table summarizes resource overhead and energy consumption under a compact DCI and legacy DCI to schedule enhanced RAR under a 15 dB coverage extension, referenced to simulation in [2], [3]. For power consumption, it’s assumed 500mW power per second under active receiving.  A LC MTC UE with a battery of 5w-h can provide 18000J energy in one hour.
Table 1 Resource overhead and power consumption for control signaling repetition

	DCI size 
	27 bits
	17 bits
	10 bits 
	5 bits

	Repetition (TTI)
	~20
	~15
	~12
	~10

	Resource overhead (RE)
	~5760
	~4320
	~3456
	~2880

	Energy consumption (J)
	0.01
	0.0075
	0.006
	0.005


Additionally, in Rel-13 WID [4], it is suggested considering the following techniques for coverage extension:
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· …

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· …

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

Therefore, it will be worthwhile to further study on RAR enhancement without control information, i.e., a “control-less” RAR, for R13 MTC UEs with low complexity and coverage extension.

A third consideration for RAR enhancement is multi-cast/uni-cast RAR transmission in CE mode. RARs for UEs with different CE requirements will be repeated by a maximal repetition number to achieve a maximal coverage extension degree, following the legacy broadcast mechanism. It will also introduce a larger transmission delay for those UEs with a smaller CE requirements and increase power consumption at UE side. Table 2 analyses energy consumption to detect RAR under RAR grouping, wherein it’s assumed that CE requirements are categorized into 3 levels (5dB, 10dB, and 10dB) and UEs in CE mode are uniformly distributed within these three levels. There are 12 RARs to be transmitted simultaneously for this comparison, and 4 RARs are muli-casted per CE level. It can be found that power consumption can be improved if RARs for different CE levels can be transmitted separately. 

Table 2 Energy consumption comparison 

	Mechanism 
	Broadcast
	Multi-Cast (15dB)
	Multi-Cast (10dB)
	Multi-Cast (5dB)

	Repetition (TTI)
	~516
	~172
	~48
	~20

	Energy consumption (J)
	0.258
	0.086
	0.024
	0.01

	Energy improvement
	-
	66.7%
	90%
	96%


Proposal #1: From the perspective of system design and scheduling flexibility, RAR enhancement is necessary for “LC MTC UEs”. 
Proposal #2: From the perspective of spectrum efficiency and power consumption saving, RAR transmission without the associated control channel for R13 LC MTC UEs and UEs in enhanced coverage needs further study. 
Proposal #3: RAR enhancement by a multi-cast transmission mechanism needs further study. 

3. Detail Design
Under a control-less design principle, one consideration is to reduce complexity by limiting the attempts for blind detection. Thus, some information, such as TBS, location at frequency domain or time domain, should be either predefined or derived by UE to limit the hypothesis for the attempts. Some possible considerations beneficial for reducing the attempts of blind detection are summarized as following. 
· Starting point for RAR detection in time domain 

In legacy systems, UEs shall monitor RAR message in the RA response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes, according to TS36.321. In other words, there can be up to 10ms time window for eNB to transmit RACH response assuming ra-ResponseWindowSize is set the maximum value of 10 subframes. 

However, for the low complexity MTC UEs in normal and enhanced coverage, the occurrence of the subframe  carrying RAR can be fixed instead of a time window for monitoring. Since MTC UEs in Rel13 is assumed delay tolerant, the occurrence of RAR transmission can be fixed by taking into account the sufficient time for eNB to prepare RAR. In this way, Rel13 MTC UE can avoid unnecessary blind detection with less active time for monitoring RAR messages. Meanwhile, eNB can still have the sufficient time to prepare RAR with a reasonable timing relation between PRACH and RAR transmission.
Even if the control channel associated RAR transmission could be supported, the fixed occurrence for RAR transmission rather than a time window is still valid since it can effectively reduce UE power consumption by avoidance of blindly monitoring the control channel in a long time.

Observation 1: A fixed occurrence instead of a time window for RAR transmission is beneficial for improving power consumption and implementation complexity for the low complexity MTC UEs in normal and enhanced coverage.
Proposal 3: The fixed occurrence for RAR transmission instead of a time window should be introduced to improve UE power consumption and reduce the implementation complexity.

· RAR payload size detection

In the legacy systems, the multiple MAC RARs with the associated sub-headers corresponding to the multiple RACH users can be multiplexed into one RAR message for broadcast so that the TB size for one RAR message is variable depending on the number of multiplexed MAC RARs. For the control-less RAR transmission, blind detection of a variable TB size may significantly increase the complexity at UE side. Therefore, the number of TB sizes for RAR message transmission can be limited to a few options for multiplexing. On the other hand, the repetition of RAR message for UEs in enhanced coverage may not favor a big size of RAR message for multiplexing too many users. Thus, it is reasonable and feasible to limit the number of TB sizes for RAR message transmission. 
· Repetition number for RAR in case of coverage enhancement. 

To reduce the complexity at UE side, it’s intuitive that eNB can have a knowledge of coverage gap for each UE from PRACH detection. For example, a mapping between the repetition number of RAR and the selected preamble resource for RACH access can be specified. Further, it’s a waste of resource to multiplex MAC RAR for different UEs with different repetition levels. Thus, the repetition number for RAR message can be known for UE and eNB without any ambiguity. 

· Frequency location of RAR in frequency domain. 

Another angle for the control-less RAR transmission is the resource location determination in frequency domain to reduce the complexity of blind detection on the frequency resources. One possible solution is to specify the frequency resources. Or the frequency resources can be indicated by a parameter in SIB2 for PRACH configuration. Or the frequency resources depend on preamble format for PRACH.
Proposal #4: Further study “control-less” operation for RAR in terms of overhead, UE complexity, UE power consumption and latency. 
4. Conclusion
In this paper, we analyzed RAR reception for Rel-13 MTC UEs in both normal coverage and extension coverage. Based on the analysis, some observations and proposals are drawn:

Proposal #1: From the perspective of system design and scheduling flexibility, RAR enhancement is necessary for “LC MTC UEs”. 
Proposal #2: From the perspective of spectrum efficiency and power consumption saving, RAR transmission without the associated control channel for R13 LC MTC UEs and UEs in enhanced coverage needs further study. 
Proposal #3: RAR enhancement by a multi-cast transmission mechanism needs further study. 

Observation 1: A fixed occurrence instead of a time window for RAR transmission is beneficial for improving power consumption and implementation complexity for the low complexity MTC UEs in normal and enhanced coverage.

Proposal 3: The fixed occurrence for RAR transmission instead of a time window should be introduced to improve UE power consumption and reduce the implementation complexity.

Proposal #4: Further study “control-less” operation for RAR in terms of overhead, UE complexity, UE power consumption and latency. 
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