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1 Introduction
In RAN1#79, the following Agreements were made regarding RAR:

· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

In this contribution we elaborate further on RAR transmission, discussing resource allocation and mapping, blocking probability and need for EPDCCH for scheduling RAR.
2 Resources needed for RAR transmissions
As already discussed in [1], multiplexing of RAR messages intended for different UEs into a single jointly encoded transport block scheduled with RA-RNTI in the PDCCH common search space may not be suitable for bandwidth reduced and/or coverage enhanced UEs. 
RAR link simulation results were shown in [2] and the simulation parameters and results are repeated here in Table 1, Table 2 and Table 3. From the results it can be seen that 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. Similar results were shown in [3]. In enhanced coverage, where each RAR message needs to be repeated, the problem becomes even worse.

Table 1: Link simulation parameters for RAR reception 
	Parameter
	Value

	Number of subframes
	50000

	System bandwidth
	{1.4, 3, 5, 10} MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1, 2x2 (low correlation)

	Channel model
	EPA, ETU

	Doppler spread
	1 Hz

	Transport block size
	{1, 4, 16} * 56 bits

	Number of  PRBs
	{6, 15, 25, 50}

	Number of transmissions
	1

	Frequency error
	100 Hz initial (but smaller after AFC)

	HARQ retransmissions
	OFF

	Channel estimation
	Practical


Table 2: Estimated maximum number of RAR messages (targeting 1% BLER at -4 dB SNR)

	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	-
	1
	3

	
	2
	-
	1
	3
	12

	ETU 1 Hz
	1
	-
	1
	4
	10

	
	2
	1
	4
	10
	>16


Table 3: Estimated maximum number of RAR messages (targeting 10% BLER at -4 dB SNR)

	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	1
	5
	10

	
	2
	1
	4
	8
	>16

	ETU 1 Hz
	1
	-
	3
	8
	16

	
	2
	2
	8
	>16
	>16


Based on these simulations, it is clear that the typical case will be that RAR messages are separately encoded per UE for reduced and/or enhanced coverage UEs. If simultaneous transmission of RAR messages to more than one of these UEs is needed, that can be achieved using frequency multiplexing.
Additionally, multiplexing multiple UEs in the same RAR message is only applicable to UEs that have the same coverage level and have done a PRACH transmission at the same time. This reduces further the likelihood of having multiple UEs in the same message.
Observation:
· The probability of being able to multiplex multiple UEs in the same RAR message is low

The above results also show allocating less than 6 PRBs for a RAR transmission is unlikely. Then we can simplify the system by always allocating 6 PRBs for the PDSCH transmissions carrying RAR and additional coverage will then be provided with bundling.
Proposals:

· A RAR message intended for a bandwidth reduced and/or coverage enhanced UE is separately encoded per UE.
· 6 contiguous PRBs are allocated for PDSCH transmissions carrying RAR.  

3 Blocking probability

The simplest way for RAR messages transmission is that all UEs receive their RAR message in a fixed PRB group, e.g. the center frequency resources of the carrier. A potential problem with such a scheme is the increased blocking probability when all UEs share the same resources for their transmissions.

In the following we take an initial look at the blocking probability for RAR. The following cases have been investigated: 

1. All messages are transmitted in the same PRB group (e.g. the center PRB group).

2. The messages are evenly distributed between the available PRB groups. The PRB group for a message transmission to a UE could for example be given by the PRACH sequence since the UE selecting the preamble sequence within the sequence randomly will ensure randomness in the selection of the RAR PRB group.
3. Dynamic scheduling of the RAR messages to any PRB
Figure 1 shows the blocking probability as a function of the number of new messages assuming 10 MHz (50 PRBs) system bandwidth and 8 PRB groups of 6 PRBs each (8*6 = 48 PRBs ≈ 50 PRBs) for different RAR window sizes. In the calculations, it has been assumed that 70% of the UEs do not require repetition of RAR, 20 % require 10 repetitions and 10 % require 30 repetitions.
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Figure 1: Blocking probability.
As we can see, the single PRB group (‘1 PRBG’) for RAR has significantly higher blocking probability than when the messages are spread randomly across the 8 available PRB groups (‘8 PRBG’). The performance in the latter case with sufficiently large window size can approach that of dynamic scheduling. 
Single PRB group RAR transmissions have high blocking probability at high RAR and in order to make sure that the system is robust we believe that frequency multiplexing needs to be supported. 
Proposal:

· Multiplexing of RAR messages in the frequency domain should be supported. 
4 Need for EPDCCH for RAR scheduling

With only one UE per RAR message and 6 PRBs allocated to the PDSCH transmission, there will only be a single transport block size for the RAR message transmissions. Even if joint coding of RAR messages to multiple UEs is supported, the number of transport block sizes is limited to the number of UEs multiplexed in one RAR message which in any case will be very few. The complexity of the UE blindly decoding the possible transport block sizes is then limited and from UE processing perspective, RAR messages can be decoded by the UE directly from PDSCH without being scheduled with EPDCCH.
As shown in section 3, with correct RAR windows size the blocking probability can be reduced when using randomized mapping to the PRB group. Dynamic scheduling with EPDCCH located only in a single PRB group would anyway have similar issues with blocking as scheduling RAR in a single PRB group, also requiring the possibility of transmitting EPDCCH in multiple PRB groups. Additionally, decoding EPDCCH will have impacts on power consumption.
Based on the above discussion we propose the following:

Proposals:

· RAR messages can be decoded by the UE directly from PDSCH without being scheduled with EPDCCH.

· In case multiplexing multiple UEs in one RAR message is supported, the UE blindly decodes PDSCH assuming up to a maximum number of UEs. 

5 Mapping RAR transmissions to PRB groups
A method needs to be defined for the UE to know the frequency location of the 6 PRBs that it should to monitor for the RAR message during the random access procedure. The UE also needs to know the repetition level of the PDSCH that conveys the RAR message.
If PRACH repetition levels are configured within each cell as described in [4]

 REF _Ref399432756 \r \h 
[5] then a mapping between PRACH and RAR can be introduced. The UE selects a PRACH sequence within the preamble sequence group allocated to the desired repetition level as described in [6]. 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.
Proposal:

· RAR location and repetition factor can be derived through the used PRACH preamble sequence.

6 Conclusions

In this contribution we discussed RAR transmissions and make the following proposals:
· A RAR message intended for a bandwidth reduced and/or coverage enhanced UE is separately encoded per UE.

· 6 contiguous PRBs are allocated for PDSCH transmissions carrying RAR. 

· Multiplexing of RAR messages in the frequency domain should be supported.

· RAR messages can be decoded by the UE directly from PDSCH without being scheduled with EPDCCH.

· In case multiplexing multiple UEs in one RAR message is supported, the UE blindly decodes PDSCH assuming up to a maximum number of UEs. 

· RAR location and repetition factor can be derived through the used PRACH preamble sequence.
References
[1] R1-142541, “On Reduced UE Bandwidth and Enhanced Coverage for MTC”, Ericsson, NSN

[2] R1-141632, “Impacts of PRB restriction for low cost MTC UE”, Ericsson
[3] R1-141524, “PDSCH PRB Limitation for Low Cost MTC UE”, NSN, Nokia

[4] R1-143784, “Rel-12 agreements for MTC”, Ericsson

[5] R1-143790, “Non data associated channels for MTC”, Ericsson
[6] R1-150030, “PRACH repetition for MTC”, Ericsson

2/5


[image: image3.png]PRACH
repetition
level

PRACH
sequence

group

One of the
PRACH
sequences

RAR frequency
location and
repetition leve




