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1. Introduction
Whether the low-complexity (LC) UE should provide an early indication of its Cat 0 status has been discussed in RAN1#76, RAN1#76bis, RAN2#85, and RAN2#85bis [1], [2]. Eventually, RAN2 sent an LS [3] to RAN1 informing RAN1 of a working assumption that there is no LC capability indication from the UE in Msg1, Msg3, or Msg5.

In particular, at RAN1#76bis, some simulation results were presented in [4] suggesting that there could be meaningful loss in RAR capacity if the eNB does not know whether the UE has a single RX or more. RAN1 concluded to further study the issue until RAN1#77. 
2.
Discussion
In this section we first show some simulation results to consider the RAR capacity of a cell including Cat 0 (single RX) UEs.

2.1
Simulations
We conducted simulations of RAR decoding in a 50 PRB bandwidth assuming a 1% BLER at -4 dB SNR, and other parameters in the appendix. See Figures 1 and 2 for 1RX and 2RX UEs respectively. This assumes that the entire bandwidth is taken up by RARs in the relevant subframes, so is an upper bound on what is achievable in practice. Following the analysis in [4], we have the RAR capacity per subframe:
	Channel model
	RAR capacity

	
	1RX
	2 RX

	EPA 1Hz
	4
	12

	ETU 1Hz
	7
	>16


Table 1: RAR capacity per subframe for 1% RAR BLER at -4.0 dB SINR.
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Figure 1: RAR BLER for 1 RX UE in EPA channel.
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Figure 2: RAR BLER for 2 RX UE in EPA channel.
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Figure 3: RAR BLER for 1 RX UE in ETU channel.
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Figure 4: RAR BLER for 2 RX UE in ETU channel.


It is clear, especially in the case of the EPA channel model, that the loss of receive diversity significantly decreases the peak RAR capacity of the cell. Even in cases when the RACH load is not at its peak, this still reduces the eNB RAR scheduling flexibility since it limits the ability to bundle RARs together within a subframe, and will tend to mean that more subframes need to contain RARs than if UEs could all be assumed as 2 RX, which will in turn restrict unicast PDSCH scheduling. Since the eNB is usually also scheduling some other PDSCHs, in fact the practical maximum RAR capacity is reduced from the peak levels estimated here, making it more important to use the remaining actual RAR capacity efficiently.
Observation 1: A single RX UE assumption significantly reduces the cell’s maximum available RAR capacity.

2.2
Analysis
The simulation results show that if an eNB has to assume that all UEs have 1 RX at the point of sending RAR, then there is a significant reduction in peak RAR capacity. It is not required that an eNB serving a mixture of LC and non-LC UEs be as conservative as this in terms of RAR code rate, but any back-off from that case will lead to an increased RAR miss probability and associated PRACH re-transmissions for LC MTC UEs. An eNB not having any a priori information as to what RAR code rate is suitable may not be able to make an optimized choice. These simulation results, like those in [4], therefore motivate providing early indication of the single-RX nature of the LC MTC UE to the eNB via the PRACH preamble transmission.
Proposal 1: The Category 0 UE shall indicate its single RX nature via Msg1.

A typical approach would be to introduce a preamble partition. Currently the PRACH preambles are partitioned into dedicated and non-dedicated preamble space, and the NW broadcasts numberOfRA-Preambles as part of RACH-ConfigCommon in SIB2. This parameter defines which preambles are to be used for contention based access. The remaining (dedicated) preambles are for non-contention based access.
By introducing a parameter, similar to numberOfRA-Preambles, in Rel-12 we can specify which set of preambles a low-cost device shall use (e.g. numberOfRA-Preambles-1RX). This provides a way for the network to decide whether to respond assuming single RX or dual RX. There are some possible approaches to perform the partition shown in the following examples.
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Figure 1: Preamble sharing between legacy and MTC devices (example).
In Figure 1, MTC UEs are configured to use preambles from the contention-based set. They therefore compete with other UEs and any UE sending a preamble in this set would need to be assumed by a conservative eNB to have the single RX property. This would reduce the RAR capacity as shown by the simulation results above. It seems better to segregate the single RX UEs entirely to provide the eNB with more precise information as to the RAR scheduling needs. Note that the provision of this information does not require the eNB to behave in any particular way, but it does allow it to do so. Therefore, we propose that MTC UE PRACH preambles are taken from the non-contention based subset of preambles. Which preambles are in the non-contention based subset is fully under the control of the eNB, as is which exact preamble a particular (non-MTC) UE is allocated from that subset.
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Figure 2: MTC-specific preambles (example).
In Figure 2, MTC UEs can choose random preambles from within the reserved region, and the eNB can avoid allocating any of those preambles to non-MTC UEs. Thus the different types of UE are fully distinguishable from Msg1. However, the network still has flexibility to allocate the MTC-specific preambles to non-MTC UEs if it wishes, when there is a high demand for non-contention preambles. At such times, the RAR scheduling can decide whether to prefer to assume single RX or non-single RX UEs in constructing RARs for preambles from the mixed region. A conservative network would assume single-RX to avoid an increase in PRACH re-transmissions from such UEs.

This scheme has flexibility in such cases, however, because the network can re-configure both the total size of the non-contention based preamble set (numberOfRA-Preambles) and the MTC-specific set (numberOfRA-Preambles-1RX) within it to provide more non-contention based capacity if needed.
A hybrid scheme where the MTC-specific preambles are partly from both contention and non-contention based sets is clearly possible, but it has the same basic problem as just using the contention-based set, i.e. that the network cannot then distinguish the MTC UEs with certainty.

Proposal 2: Introduce a new parameter, numberOfRA-Preambles-1RX, to specify which preambles the Category 0 UE shall use.
3.
Conclusions
In this contribution, we presented simulation results showing a reduction of maximum available RAR capacity in a cell if the eNB cannot distinguish single-RX low-complexity UEs before sending Msg2. We therefore make the following proposals:

Proposal 1: The Category 0 UE indicates its single RX nature via Msg1.

Proposal 2: Introduce a parameter, numberOfRA-Preambles-1RX, to specify which preambles the Category 0 UE shall use.
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Annex
Simulation parameters for RAR BLER were as follows:

	Parameter
	Value in RAR simulations

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Modulation
	QPSK

	Antenna configuration
	2x1, 2x2 (low correlation)

	TM
	2

	Channel model
	EPA / ETU

	Doppler spread
	1 Hz

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

	Number of  PRBs
	50

	Number of transmissions
	1 (no HARQ)

	Frequency error
	{0, 100} Hz, no AFC

	Channel estimation
	Practical
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