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1
Introduction
In this contribution, we consider RAR transmission for NB-IoT.
2

RAR
For our analysis on the RAR, we use the random access design from [1]. In this design, 3 PRACH formats are available, corresponding to the maximum MCL of 144dB, 154dB, and 164dB. Based on the system evaluation assumptions from [2], the percentage of users within the cells that will use each PRACH format is provided in Table 1 [1]. To analyze the random access load, we use the traffic model for capacity evaluation from [2]. The traffic model comprises a split of devices between MAR periodic and Network Command is MAR periodic (80%) and Network Command (20%). In case of a network command, 50% of the users will report back to the network, triggering a random access transmission. The split of inter-arrival time periodicity for MAR periodic is - 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). Based on massive MTC capacity target of 52547 devices within a cell site sector, the mean number of reports per second (mean arrival rate) is 6.13. Based on the device distribution and coupling loss, the mean arrival rate for each PRACH format is then provided in Table 1.  
Table 1. PRACH load.
	Parameter
	PRACH Format

	
	Format 0
	Format 1
	Format 2

	Percentage of users
	88.5%
	8.9%
	2.8%

	PRACH overhead
	1.7%
	2.7%
	3.1%

	Number of PRACH opportunities (per sec)
	12
	2
	1

	Mean arrival rate (per sec) at 52547 devices per cell
	5.43
	0.54
	0.17


The number of PRACH opportunities is provided in Table 1 with the goal of keep PRACH overhead less than 10%. From the table, it is shown that for each PRACH opportunity, there is less than one preamble to be received at the eNB. In legacy LTE, the RAR is transmitted using PDCCH + PDSCH. However, if there is only one or two preambles per PRACH opportunity, it would be wasteful to transmit both NB-PDCCH (DCI) and NB-PDSCH (RAR). The size of the control channel DCI overhead is likely to be similar to the RAR message, and therefore the control overhead can be substantial when there is only 1 RAR message to send.  Hence, RAR should be transmitted using either the NB-PDCCH or NB-PDSCH. RAR transmission using the NB-PDSCH is preferred since NB-PDCCH would require multiple blind decoding attempts based on the configured search space spanning multiple aggregation levels and number of repetitions. Using the NB-PDSCH would require the UE to perform only one blind decoding attempt at each of the possible starting subframes. Furthermore, since TBCC is used for both NB-PDCCH and NB-PDSCH, there is no additional complexity for blind decoding of the NB-PDSCH. Therefore, it is proposed that RAR is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).
Proposal 1: RAR is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).

Since it is likely that at most only 1 RAR message will be sent in each PRACH opportunity, the NB-PDSCH transmission can have a fixed format containing 1 RAR MAC PDU.  The size of the RAR MAC PDU would be fixed and the RAR MAC PDU can contain the following information –

· The random access preamble identitfier field
· TA command

· UL grant

· Temporary C-RNTI

Figure 1 illustrates the concept of the RA response window. The window allows for some delay in sending the RAR to manage the resource flexibly.
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Figure 1. Example of response window for RAR transmission.
Using the response window concept, the RAR can be sent later within the response window as shown in Figure 1. The window size would be configurable by the network and it would be up to the network to balance expected random access load and the length of time that UE would have to monitor for RAR. Based on the random access load analysis from Table 1, it is proposed that only 1 RAR message is transmitted in each NB-PDSCH RAR transmission. 
Proposal 2: Only 1 RAR message is transmitted in each NB-PDSCH RAR transmission. 

To evaluate the performance of NB-PDSCH carrying 1 RAR message, link-level analysis is performed. The payload consists of 56 bits which includes the random access preamble identifier field, TA command, UL grant, and temporary C-RNTI. Antenna configuration is 1Tx-1Rx for stand-alone and 2Tx-1Rx for in-band. CRS mapping is based on LTE. Convolution coding and QPSK modulation are used. Table 3 provides other link-level simulation assumptions used in the evaluation. Figure 2 illustrates NB-PDSCH performance for stand-alone and in-band scenarios. The target BLER is 1%.
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(a) Stand-alone
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(b) In-band


Figure 2. Performance of RAR (56 bits) for (a) stand-alone and (b) guard-band operation. 
Table 2 gives the required number of repetitions to transmit 1 RAR message. The baseline is 1 PRB and 1 subframe, so e.g. 128 repetitions correspond to 128ms transmission time. Note that, for in-band operation mode, frequency hopping was not used. With frequency hopping, the required number of repetitions may be reduced significantly.
Table 2. Required number of repetitions for 1 RAR message.
	PRACH format
	MCL Target
	Number of repetitions

	
	
	Stand-alone
	In-band

	Format 0
	144 dB
	1
	1

	Format 1
	154 dB
	8
	16

	Format 2
	164 dB
	128
	256


From the results shown in Table 2, it is seen that the number of repetitions to be used by the NB-PDSCH can be based on the selected PRACH format. Although the number of repetitions may be fixed or implicitly determined, it would be more beneficial to explicitly indicate this in the SIB to allow for some flexibility by the eNB. For example, if the cell supports only 5dB coverage enhancement (i.e. up to 149dB MCL), PRACH format 1 would still be used but the number of repetitions can be smaller.
Proposal 3: The number of repetitions for NB-PDSCH carrying RAR is indicated in SIB and associated with a PRACH format. 

3
Conclusion
In this contribution, we consider RAR transmission for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: RAR is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).

Proposal 2: Only 1 RAR message is transmitted in each NB-PDSCH RAR transmission. Multiple RAR messages can be transmitted within the RAR response window.

Proposal 3: The number of repetitions for NB-PDSCH carrying RAR is indicated in SIB and associated with a PRACH format. 
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Table 3. Link-level simulation assumptions.
	Parameter
	Value

	
	Stand-alone
	In-band

	Frequency band
	900 MHz

	eNB Tx power
	43 dBm
	35 dBm

	System bandwidth
	200 kHz
	10 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	DL: eNB: 1Tx, MS: 1Rx
	DL: eNB: 2Tx, MS: 1Rx

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us



