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1 Introduction

During the RAN2#93bis [1] and RAN2 AdHoc#2 [2] meetings, the following agreements for random access procedure were made:
	RAN2#93bis agreements:
· We introduce the concept of PDCCH period. 

· It is FFS if the PDCCH period is the duration between two consecutive starting subframes for PDCCH of the same Coverage level. RAN1 definition might be used. 

· It should be possible to have different backoff times for different coverage levels.

· FFS if we Use PRACH period as basic unit for backoff. The backoff time can be caluculated as Backoff Parameter value * PRACH period.

· FFS if we remove subframe index t_id from the calculation of RA-RNTI.
RAN2 AdHoc#2 agreements:
· The possible values signaled by the network shall be the same as for LTE (i.e. {2, 3, 4, 5, 6, 7, 8, 10}). The value considered by the UE will be: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).
· The mac-ContentionResolutionTimer will be expressed in PDCCH periods) the possible values signaled by the network shall be: {1, 2, 3, 4, 8, 16, 32, 64}. The value considered by the UE will be: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s).
· the tone information shall be included in the RAR, in the Random Access Preamble ID field in the MAC PDU subheader.

· t_id is not needed in the RA-RNTI formula.

· the SFN in the RA-RNTI formula shall be divided by 4.


In this contribution, based on the previous RAN2 agreements, we focus on backoff mechanism and RA-RNTI calculation of NB-IoT.
2 Discussion
2.1 Backoff values

RAN2#93bis meeting has agreed that it should be possible to have different backoff times for different coverage levels and FFS if we Use PRACH period as basic unit for backoff. Since the PRACH period defined by RAN1 stands for the length in time between two NB-PRACH resource occurrences, whose value is configured for each coverage level from the value set {40, 80, 160, 240, 320, 640, 1280, 2560} ms. A simple way to have different backoff times for different coverage levels is to use PRACH period as basic unit instead of ms. In this case, based on the backoff parameter sent by eNB, UE selects a random value x according to a uniform distribution between 0 and the Backoff Parameter Value and then calculates backoff time as:

backoff time = x * PRACH period

Proposal 1: Using PRACH period as basic unit for backoff. UE first selects a random value x according to a uniform distribution between 0 and the Backoff Parameter Value and then calculates the backoff time as x * PRACH period.
As agrreed by RAN2#93, the MAC BI size should be reduced from 4 bits to other value. Therefore, we reduce the MAC BI sise to 3 bits and provied the possible Backoff Parameter values corresponding to different BI Index as following table 1:

Table 1. Backoff Parameter values corresponding to BI values
	Index
	Backoff Parameter value

	0
	0

	1
	5

	2
	10

	3
	15

	4
	20

	5
	30

	6
	40

	7
	60


The backoffparameter value in Table 1 stands for the maximum backoff PRACH period for a certain UE. UE with different coverage level can achieve different backoff time accoridng to only one commen Backoff Parameter value set. For example, for a UE whose PRACH period is 40ms, according to Table 1, the acchivable maximum backoff time set is {0, 200, 400, 600, 800,1200,1600,2400} ms. For a UE whose PRAC H period is 2560ms, according to Table 1, the acchivable maximum backoff time set is {0, 12800, 25600, 38400, 51200, 76800, 102400, 153600} ms.
Proposal 2: The MAC BI size is reduced from 4 bits to 3 bits. The Backoff Parameter values corresponding to different BI Index can be determined by Table 1. 

2.2 RA-RNTI
Once the Random Access Preamble is transmitted, the MAC entity shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI. RA-RNTI associated with the PRACH on which the Random Access Preamble is transmitted. In RAN2 AH#2 meeting, the following agreements are made for RA-RNTI calculation:
· the tone information shall be included in the RAR, in the Random Access Preamble ID field in the MAC PDU subheader.

· t_id is not needed in the RA-RNTI formula.

· the SFN in the RA-RNTI formula shall be divided by 4.
Based on these agreements , the formula of RA-RNTI calculation should be updated as:
RA-RNTI=1+ SFN / 4, with the Tone information in the RAR,
Since the value range of SFN is from 0 to 1023, the RA-RNTI space is only 1~256.
On PRACH, at most 48 tones can be configured for one coverage level, which means up to 48 RARs for different UEs need to be multiplexed into one MAC RAR PDU. In current TS 36.321[3], for each MAC RAR PDU, 1 byte MAC subheader and 6 bytes RAR are included, totally 56bits. However, the maximum TBS on PDSCH is only 680 bits which is only enough to carry at most 12 RARs (12*56=672bits). If there are more than 12 RARs needs to be multiplexed into one MAC RAR PDU, these RARs will be divided into several MAC RAR PDUs. The UEs using the same RA-RNTI need to receive all PDCCH and PDSCH for these PDUs, which cause additional power consumption of UE.

The PRACH band_id can be introduced into RA-RNTI calculation to avoid this problem. Since each PRACH band contains 12 3.75k tones and up to 4 PRACH bands can be configured for one coverage level, the value range of band_id is (0≤ band_id <3). 
Proposal 3: The PRACH band_id is introduced into RA-RNTI calculation to avoid multiplexing too much RARs into one MAC RAR PDU which is out of the maximum downlink TBS. The value range of band_id is (0≤ band_id <3).
Based on proposal 3, the RA-RNTI caluculation formule can be updated as:
RA-RNTI=1+ band_id + 4*( SFN / 4), with the Tone information in the RAR,
The RA-RNTI space is only 1~1024.
Proposal 4: An updated RA-RNTI calculation formula is defined as follows:

RA-RNTI=1+ band_id + 4*( SFN / 4), with the Tone information in the RAR
where:

band_id is the index of the specified band resource location, in ascending order of frequency domain (0≤ band_id< 3).

3 Conclusion

In this contribution we look at various remaining issues of RA procedure and made the following proposals:

Proposal 1: Using PRACH period as basic unit for backoff. UE first selects a random value x according to a uniform distribution between 0 and the Backoff Parameter Value and then calculates the backoff time as x * PRACH period.
Proposal 2: The MAC BI size is reduced from 4 bits to 3bits. The Backoff Parameter values corresponding to different BI Index can be determined by Table 1. 

Proposal 3: The PRACH band_id is introduced into RA-RNTI calculation to avoid multiplexing too much RARs into one MAC RAR PDU which is out of the maximum downlink TBS. The value range of band_id is (0≤ band_id <3).
Proposal 4: An updated RA-RNTI calculation formula is defined as follows:

RA-RNTI=1+ band_id + 4*( SFN / 4), with the Tone information in the RAR
where:

band_id is the index of the specified band resource location, in ascending order of frequency domain (0≤ band_id< 3).
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