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1 Introduction

In the last RAN1#76bis meeting, RAN1 discussed whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna during initial access, e.g. Paging and/or RAR. Due to lack of enough impact analysis on the eNB not knowing a Category 0 UE with 1 RX antenna, RAN1 decided to further discuss it in RAN1#77 and inform RAN1’s updates on this issue, if any, to RAN2 accordingly [1].
Conclusion from RAN1#76bis:

· It was shown by one company that if eNB knows a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR, it helps increase random access response capacity. However, RAN1 has not concluded the study on whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR. RAN1 will further discuss it in RAN1#77 and will inform RAN1’s updates on this issue, if any, to RAN2 accordingly. 
· Note: the 1000-bit limitation also applies to PUSCH
In this contribution, we discuss the impact on eNB not knowing a Category 0 UE with 1 RX antenna during RAR message 2 (i.e. contention based random access response) and monitoring paging messages for Low cost MTC UEs and provide some observations at the end.
2 Impact analysis of eNB not knowing a Category 0 UE with 1 RX antenna
In the study item phase of Low Cost MTC [1], some potential cost saving techniques were studied in order to achieve cost reduction, such as bandwidth reduction, single receive RF chain, peak data rate reduction with estimated cost reduction gain of 19%, 24%–29% and 10.5%–21% respectively. It is observed here that the largest gain comes from single receive RF chain.

In the WI description [2], it is captured to specify a new UE category/type for MTC operation in all LTE duplex modes supporting the capabilities of 1 Rx antenna and downlink/uplink maximum TBS size of 1000 bits.
However, single Rx antenna has impacts on the coverage of the downlink transmissions for MTC UEs as there is approximately 4dB performance loss compared to legacy 2Rx UEs. So in general, single Rx UE will not achieve the same coverage level as legacy 2Rx UEs as shown in Figure 1. This creates coverage holes at the cell edges of the existing deployed networks when MTC devices come into the market. However, it has to be noted that not all MTC UEs are expected to be at the cell edges or in bad coverage, and more explicitly, the main concern is the coverage of RAR message 2 and paging as there are no retransmissions for these messages.
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Figure 1. Illustration of coverage levels for UEs with 1Rx and 2Rx 

Some possible solutions:
· Treat all UEs as legacy UEs: this first solution is to treat all UEs as legacy/normal UEs regardless whether there is MTC UEs or not in the network. The drawback of this solution is that MTC devices in the coverage holes as discussed earlier will fail to receive RAR messages and paging assuming this would not have happen if they have 2Rx antennas based on operator’s existing network plan. So, it seems this option is not preferable as the customer will never be satisfied due to lack of network coverage.

· Specification changes: this second solution is to have specification changes so that eNB knows from message 1 (i.e. Random access preample transmission) that this message is from low cost MTC UE (i.e. Cat 0). In this case, then eNB can treat differently the RAR messages for MTC UEs, for example by applying some existing solutions such as power boosting, higher aggregation levels for PDCCH and lower MCS levels for PDSCH carrying RAR messages. Same treatment can also be used for paging if eNB knows that there is at least one low cost MTC in this paging occasion. The concern of this solution is that there will be some standardisation efforts needed as well as some specification impacts and there may not be enough time to do so unless more time is granted for the WI.

· Treat all UEs as MTC UEs: this third solution is to treat all UEs as MTC UEs regardless whether there are normal UEs or not accessing in the network by apply existing solutions such as power boosting, higher aggregation levels for PDCCH and lower MCS levels for PDSCH carrying RAR messages. In general, the drawback of this solution is that less number of RAR messages will be supported in a subframe as power and resources are borrowed from other messages, hence leading to less capacity for RAR messages in the system.
To check the capacity of RAR messages in the system for 1Rx UEs and 2Rx UEs, we have run some link level simulations for 1.4MHz, 3MHz, 5MHz and 10MHz where simulation assumptions are captured in Appendix A similar as presented and discussed in the last meeting [4]. The number of RAR messages is 1, 4, 16 and choosing the nearest TBS sizes of 56, 224 and 904 bits respectively.
Simulation results are presented in Appendix A and Table 1 below for different system bandwidths. 
Table 1: Estimate of the capacity for RAR messages in a subframe (targeting 1% miss-detection at -4 dB SNR)

	Channel
	Number of Rx Antennas
	Capacity of RAR Messages in a subframe

	
	
	BW = 6 PRBs
	BW = 15 PRBs
	BW = 25 PRBs
	BW = 50 PRBs

	EPA 1 Hz
	1
	-
	-
	2
	4

	
	2
	1
	4
	4
	>16

	ETU 1 Hz
	1
	-
	2
	4
	16

	
	2
	1
	4
	16
	>16


From the simulation results it can be observed that for UEs with 1Rx (targeting 1% miss-detection at -4dB SNR): 

· It is very challenging to receive 1 RAR message for narrow BWs of 1.4MHz and 3MHz.

· At least 2 and 4 messages can be received for larger BWs of 5MHz and 10 MHz respectively depending on the channel condition.
On the other hand for UEs with 2Rx (targeting 1% miss-detection at -4dB SNR): 

· At least 1 RAR message can be received for narrow BWs of 1.4MHz and 3MHz depending on the channel condition.
· At least 4 RAR messages can be received for larger BWs of 5MHz and 10 MHz respectively depending on the channel condition. 

So based on the above observation, if eNB does not know a Category 0 UE with 1 RX antenna during initial access, then eNB has to always reduce the number RAR messages in a subframe to a number that at least 1Rx UE can decode as given above. As consequence, this may mean that capacity of RAR messages in a system is reduced which would not have happen if all UEs have 2Rx antenna. 
Observation: If eNB does not know a Category 0 UE with 1 RX antenna during initial access, then eNB has to always reduce the number RAR messages in a subframe to a number that at least 1Rx MTC UE can decode. As a consequence, this may mean that capacity of RAR messages in the system is reduced.

3 Conclusion
In this contribution, we have discussed the impact on eNB not knowing a Category 0 UE with 1 RX antenna for Low cost MTC UEs. In addition, we have run some simulations to check the capacity of RAR messages in the system for 1Rx UEs and 2Rx UEs with the following observations:

For UEs with 1Rx (targeting 1% miss-detection at -4dB SNR): 

· It is very challenging to receive 1 RAR message in a subframe for narrow BWs of 1.4MHz and 3MHz.

· At least 2 and 4 messages can be received in a subframe for larger BWs of 5MHz and 10 MHz respectively depending on the channel condition.

For UEs with 2Rx (targeting 1% miss-detection at -4dB SNR): 

· At least 1 RAR message can be received in a subframe for narrow BWs of 1.4MHz and 3MHz depending on the channel condition.
· At least 4 RAR messages can be received in a subframe for larger BWs of 5MHz and 10 MHz respectively depending on the channel condition. 

Observation: If eNB does not know a Category 0 UE with 1 RX antenna during initial access, then eNB has to always reduce the number RAR messages in a subframe to a number that at least 1Rx MTC UE can decode. As a consequence, this may mean that capacity of RAR messages in the system is reduced.
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5 Appendix A: Simulation Assumption and Results for RAR messages

	Parameter
	Value in RAR simulations

	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
	Not modelled

	HARQ retransmissions
	OFF

	Channel estimation
	Practical
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