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1 Introduction
In the last Ad-Hoc meeting, it has been agreed that Single Tone PRACH scheme is the working assumption. In this paper, we further discuss the remaining issues based on this assumption and give our proposals.
2 Discussion
2.1 Preamble transmission

For NB-IoT UEs using Single Tone transmission, since the frequency domain width for transmission is only one tone (3.75kHz or 15kHz), in order to increase TA estimation accuracy, the length of preamble has to be extended. We can assume the preamble format for Single Tone preamble transmission may be longer, e.g. more than 3ms, that means more PRACH resource needed for one preamble transmission. And then it can be expected that the combinations of subframes in which random access preamble transmission is allowed, that is the PRACH configuration index, will be lower than 64. For example, if the length of preamble is 6ms, the configuration indexes in the following table may be not possible:

	PRACH Configuration Index
	Preamble Format
	System frame number
	Subframe number

	26
	1
	Any
	2, 5, 8

	28
	1
	Any
	0, 2, 4, 6, 8


Furthermore, considering the narrower system bandwidth in NB-IoT, the root sequence for generating preamble may also be shortened. Therefore, we suggest that there should be PRACH configuration parameters specifically defined for Single Tone PRACH preamble transmission.
Proposal 1: The PRACH configuration parameters can be specifically defined for Single Tone PRACH preamble transmission.
In the PRACH configuration for Single Tone preamble, there can be multiple different frequency positions (referred as tones or tones combination when hopping is needed) configured in the whole system width. For example, 12 tones can be configured for different UEs if 15kHz Single Tone is used, while more tones can be configured if 3.75kHz Single Tone is used. The UEs may select different PRACH frequency resources to transmit their preambles. This can be seen as a kind of frequency multiplexing for Single Tone preambles.

However, when several UEs multiplex preamble indices within the same very narrow frequency resource, there can be interference issues. One alternative way is to let each preamble attempt use separate Single Tone frequency resource location. Then it may be not so necessary to use the preamble index to differentiate Single Tone preambles. Only preamble indices used to differentiate CELs are needed.

Proposal 2: There can be multiple PRACH frequency resources for Single Tone preamble transmission. It can be configurable whether or not preamble index multiplexing for preambles transmission within the same frequency resources is supported.

In the last RAN2 meeting, it has been agreed that a set of PRACH resources (e.g. time, frequency, and preamble sequences) is provided for each coverage level, e.g. a number of preamble sequences for each level. Then it’s reasonable that the RAR or PDCCH time/frequency location and repetition factor should be defined per CEL. And the extension of the RA response window is straightforward. For example, the value range of RA response window for NB-IoT can be extended from maximum sf10 to maximum sf400, like that in eMTC.
Proposal 3: For NB-IoT, RA response window length should also be extended.
In the legacy LTE specification, RA-RNTI is calculated as follows:
RA-RNTI= 1 + t_id+10*f_id，

Where t_id is the index of the first sub-frame of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that sub-frame, in ascending order of frequency domain (0≤ f_id< 6). f_id is only applicable to frame structure type 2 (TDD) where indices > 0 indicate that random access opportunities are additionally frequency multiplexed. 
If RA response window length is extended, then it is possible that two different UEs starting the PRACH preamble transmissions in separate radio frames, but on same subframe number, will use the same RA-RNTI during overlapping RA response windows. This will lead to a UE searching for PDCCH using the same RA-RNTI, and reading DCI not meant for that UE, thus potentially leading to unnecessary decoding for PDCCH and also higher UE power consumption. 

We illustrate this additional unnecessary decoding for PDCCH issue caused by extended RA response window in the following Figure 1. 
An example of PRACH configuration is given as follows:

	PRACH Configuration Index
	Preamble Format
	System frame number
	Subframe number

	25
	1
	Any
	1, 4, 7


Figure 1 shows a preamble transmission and RAR reception example for NB-IoT UEs:
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Figure 1: Preamble transmission and RAR reception example for NB-IoT UE 

(Repetition factor per preamble attempt per CEL = 4, RA response Window per CEL = sf80)

For the preamble repetition scenario, a new PRACH starting subframe parameter per CEL has been introduced into eMTC MAC specification. Based on the PRACH configuration, PRACH repetition factor and PRACH Starting Subframe information, etc., UE and eNB can determine the available PRACH resource and the starting subframe index in each radio frame.
Observation 1: Based on the PRACH configuration, PRACH repetition factor and PRACH Starting Subframe information, etc., the UE can know the available subframes/radio frame to transmit preamble and the eNB can also determine the starting subframe/radio frame positions for this UE in the preamble repetition scenario.
In Figure 1, assuming that UE1 starts to transmit preamble at sf1 of rf0, it can be known that other NB-IoT UEs may use the PRACH resources starting from sf4 of rf1 to transmit preamble. It’s possible for the UEs who transmit preamble during rf1 to rf8 to have overlap RA response windows with other UEs. Furthermore, some among these UEs may use the same subframe in a different radio frame than the one used by UE1, e.g. UEn starts to transmit preamble at sf1 of rf4. 
According to the legacy RA-RNTI calculation, UE1 and UEn (and some other UEs transmitting preambles during rf4 to rf8) detect PDCCH with DCI scrambled by the same RA-RNTI in an overlapping RA response window. This will cause additional unnecessary decoding for PDCCH with RAR.
Observation 2: Since the legacy RA-RNTI calculation only considers the subframe index, additional unnecessary decoding for PDCCH may appear when the RA response window is extended to more than one radio frame.
In the previous discussion, it has been suggested to update RA-RNTI calculation by including the repetition factor (of preamble transmission). It can be used to differentiate the RA-RNTI value for the UEs in different CE levels, if they transmit preambles in the same subframe index and have overlapping RA response window. However, for UEs in the same CE level, the repetition levels of preamble transmission are the same; hence the updated RA-RNTI calculation cannot work. In other words, including the repetition factor (of preamble transmission) into RA-RNTI calculation cannot completely solve the issue of additional unnecessary decoding for PDCCH with RAR.

Furthermore, based on the discussion and agreements in the previous RAN1/RAN2 meetings for eMTC, the narrowband for UEs to monitor PDCCH can be configured per CEL and the repetition factor for PDCCH can be further indicated through DCI. Also for NB-IoT it can be agreed that logically, the search spaces for PDCCH for UEs in different CELs are different, which means that, for the UEs in different CELs, even if the RA-RNTIs for their RAR are same, it doesn’t matter, and they can receive their RARs in the different search spaces for PDCCH.
Observation 3: It is unnecessary to directly introduce the repetition factor (of preamble transmission) into the RA-RNTI calculation.
Based on the above analysis and especially the observation 2, the straightforward solution is to introduce the radio frame index on which the UE transmits the preamble in RA-RNTI calculation so as to reflect the difference of PRACH transmissions. 
Proposal 4: The system frame index of the first radio frame of the specified PRACH should be considered in the RA-RNTI calculation.
However, directly using the radio frame index will cause a very large RA-RNTI value range. Since we only need to guarantee that the UEs whose RAR windows overlap have different RA-RNTIs, it might be sufficient to consider the SFN mod (RAR window size) value. 

A potential method to update RA-RNTI calculation formula would be as follows:
RA-RNTI=1+t_id+10*(SFN mod (W/10)) + W* freTone_id
Where: 

t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 

freTone_id is similar to the f_id applicable to frame structure type 2 (TDD). For Single Tone preamble, freTone_id is the index of the specified frequency resource location within that subframe, in ascending order of frequency domain (the range of freTone_id can be configured, e.g. 0≤freTone_id <12, if 15kHz Single Tone is used). 
SFN is the index of the first radio frame of the specified PRACH, 

W is RAR window size (in subframes). 

We may assume the maximum RAR window size for NB-IoT is still 400sf (W=400) as that in eMTC. With W=400 and MAXfreTone_id=12, the RA-RNTI space is then 1~4800. 
Proposal 5: an updated RA-RNTI calculation formula is defined as follows:

RA-RNTI=1+t_id+10*(SFN mod (W/10))+W*freTone_id
Where: 

t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 

freTone_id is the index of the specified frequency resource location within that subframe, in ascending order of frequency domain (the range of freTone_id can be configured, e.g. 0≤freTone_id <12, if 15kHz Single Tone is used), 
SFN is the index of the first radio frame of the specified PRACH, 

W is RAR window size (in subframes).
Considering the previous Proposal 2, if the preamble indices used to differentiate preambles transmission are configured, the RAR for the Single Tone preamble can have the legacy format and the RAPID in each MAC PDU subheader corresponding to a MAC RAR has a similar usage. 

However, if the preamble indices used to differentiate preambles transmission are not configured in order to reduce interference, based on the updated RA-RNTI, the RARs for the Single Tone preambles which are transmitted on different frequency locations will be encapsulated into separate MAC PDUs. This may lead to that only one preamble can be transmitted on a specific frequency location in a specific time location and further a MAC PDU includes only one RAR, which will increase the downlink transmission overhead.

But since preamble index multiplexing is not configured, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each Single Tone preamble. If this is done, the freTone_id in the updated RA-RNTI calculation formula for Single Tone preamble can be set to zero. That means that the RARs for the Single Tone preambles which are transmitted on different frequency locations but same time location will be encapsulated into the same MAC PDU. UEs can receive their RAR by detecting RA-RNTI and match RAPID with the frequency resource location. In this way, the value range of updated RA-RNTI calculation may be significantly shrunk.
If preamble index multiplexing is not configured and the frequency resource location used by each Single Tone preamble can be included within RAR, the updated RA-RNTI calculation formula can be further simplified like this:

RA-RNTI=1+t_id+10*(SFN mod (W/10))

With the W=400, the RA-RNTI space will then be 1~400.
Proposal 6: if the preamble indices used to differentiate preambles are not configured, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each Single Tone preamble. If this is done, the freTone_id in the updated RA-RNTI calculation formula for Single Tone preamble can be set to zero (and the RA-RNTI space significantly reduced).
2.2 Msg3 transmission
For initial random access, it has been assumed that all the UEs use Single Tone PRACH scheme. If by default all UEs will use Single Tone Msg3, transmission delay of Msg3 needs to be considered. As Single Tone Msg3 has to support same TB size as that for Multiple Tones Msg3, the delay will be much higher since multiple subframes transmission has to be used. With Msg3 HARQ mechanism, the problem could be even more serious. For UEs in good coverage, if Msg3 is limited to Single Tone transmission, the whole RACH procedure will be unnecessarily prolonged. From the perspective of both system efficiency and UE power consumption, this is not preferred. Therefore it is suggested not all UEs will be using Single Tone Msg3.

Through UE’s selection of PRACH resource, e.g. the preamble indices which can reflect whether or not the UE can support Multiple Tones transmission, implicit indication of UE’s capability can be achieved. The eNB can configure Multiple Tones Msg3 transmission resource for the UEs supporting Multiple Tones transmission. Thus the transmission delay can be reduced and the random access process can be quickened. If a certain UE selects Single Tone PRACH, by default this indicates that it only supports Single Tone transmission; therefore the eNB will configure Single Tone Msg3 transmission resource for it.
Proposal 7: Multiple Tones Msg3 is supported and will be used based on the UE’s capability indication achieved through PRACH transmission.
3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: The PRACH configuration parameters can be specifically defined for Single Tone PRACH preamble transmission.
Proposal 2: There can be multiple PRACH frequency resources for Single Tone preamble transmission. It can be configurable whether or not preamble index multiplexing for preambles transmission within the same frequency resources is supported.

Proposal 3: For NB-IoT, RA response window length should also be extended.
Proposal 4: The system frame index of the first radio frame of the specified PRACH should be considered in the RA-RNTI calculation.
Proposal 5: An updated RA-RNTI calculation formula is defined as follows:
	RA-RNTI=1+t_id+10*(SFN mod (W/10))+W*freTone_id
Where: 

t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 

freTone_id is the index of the specified frequency resource location within that subframe, in ascending order of frequency domain (the range of freTone_id can be configured, e.g. 0≤freTone_id <12, if 15kHz Single Tone is used), 

SFN is the index of the first radio frame of the specified PRACH, 

W is RAR window size (in subframes).


Proposal 6: If the preamble indices used to differentiate preambles are not configured, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each Single Tone preamble. If this is done, the freTone_id in the updated RA-RNTI calculation formula for Single Tone preamble can be set to zero (and the RA-RNTI space significantly reduced).
Proposal 7: Multiple Tones Msg3 is supported and will be used based on the UE’s capability indication achieved through PRACH transmission.
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