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1 Introduction
During RAN2 NB-IoT adhoc meeting, the following working assumptions were reached:
	· RAN2 expect 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.
· The PRACH resources per coverage level are configurable by System Information.
· The UE selects PRACH resources based on coverage level given by a UE DL measurement, e.g. RSRP.

· We assume that we don’t need to support contention free RACH / dedicated preambles for Handover or other reconfigurations in this release. The need for contention-free RACH in the future or for other purposes, e.g. PDCCH order is FFS.
· In the SI signalling support it shall be possible to indicate that only a subset of RACH resources are available for contention RACH. 

· The MAC will reattempt at a higher coverage level if it does not receive RAR after the allowed number of attempts of a certain level.
· FFS the behaviour at contention resolution failure (need to check). 


In this paper, the remaining random access relevant issues including contention-free RACH, the behaviour at contention resolution failure, and other issues will be analyzed further.
2 Discussion
2.1 Random Access in Connected mode
There are 4 events which can trigger random access in connected mode [1], including: handover, DL data arrival with UL non-synchronised, UL data arrival with UL non-synchronised or without SR available, and positioning with timing advance requirement. 
For these 4 events, the random access can be performed as following:

1) Handover (both contention-based and contention-free)

2) DL data arrival with UL non-synchronised (both contention-based and contention-free)

3) UL data arrival with UL non-synchronised or without SR available (only contention-based)

4) positioning with timing advance requirement (only contention-free)

For NB-IoT, since there is no handover, contention-free RACH could be only possible for DL data arrival with UL non-synchronised and positioning. For positioning, the requirement is still under discussion. If positioning is decided not to be supported in this release or to be supported without requirement for random access, then the use case for contention-free RACH is only for DL data arrival with UL non-synchronised. Considering that DL data arrival case can also be performed based on contention-based mechanism, it looks unnecessary to reserve resource (i.e. preamble resources) for it. Therefore, for simplicity reasons, there seems no need to support contention-free RACH for NB-IoT in this release.
Proposal 1: Contention-free RACH is not supported for NB-IoT in this release.
2.2 Power ramping

In eMTC, two variables for preamble transmission counter relevant to preamble transmission were defined, one is global PREAMBLE_TRANSMISSION_COUNTER which can be used to count the total number of preamble transmission attempts considering that UE can move to higher coverage level, the other is PREAMBLE_TRANSMISSION_COUNTER_CE which is used to count the number of preamble transmission attempts in each coverage level. This concept can be reused for NB-IoT.
Proposal 2: Global PREAMBLE_TRANSMISSION_COUNTER and per coverage level PREAMBLE_TRANSMISSION_COUNTER_CE are used for NB-IoT.
For random access preamble transmission, UE can use preamble transmission counter for the calculation of the received target preamble power, i.e. in legacy LTE, PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep; in eMTC, there was some discussion[RAN2 email disc#44] about which preamble transmission counter should be used, PREAMBLE_TRANSMISSION_COUNTER or PREAMBLE_TRANSMISSION_COUNTER_CE which is relevant to the preamble power while UE moves to the higher CEL, if PREAMBLE_TRANSMISSION_COUNTER_CE is used, then UE can get lower initial preamble power for preamble transmission when UE moves to the higher CEL since PREAMBLE_TRANSMISSION_COUNTER_CE starts from 0 for a new CEL. It is expected that lower initial preamble power per CEL might cause higher probability for random access failure. Therefore, it looks reasonable to use global PREAMBLE_TRANSMISSION_COUNTER for power calculation to avoid lower inital power for preamble transmission while UE moves to the higher CEL.
Proposal 3: Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power.
2.3 Contention resolution

2.3.1 Extension for Contention resolution timer

In order to address the delay due to PUSCH repetition for msg3 transmission and PDCCH/PDSCH repetition for msg4 transmission, contention resolution timer was extended up to 240ms in eMTC compared to the maximum of 64ms in legacy LTE; since there are the similar characteristics for PUSCH/PDCCH/PDSCH channel repetition for different coverage level, it is reasonable to also extend contention resolution timer per CEL for NB-IoT. 
Proposal 4: MAC contention resolution timer for NB-IoT is configured per-CEL.

And if msg3 can be based on single tone PUSCH (depending on RAN1 decision), longer timer for contention resolution timer should be required compared to eMTC since it is expected that single tone PUSCH will occupy more time domain resource.

And it is also expected that the repetition number for PUSCH, PDCCH and PDSCH should be considered for the possible maximum value of contention resolution timer.
Proposal 5: MAC contention resolution timer for NB-IoT should be extended considering e.g. PUSCH/PDCCH/PDSCH repetition number, single tone PUSCH, etc.
2.3.2 Contention resolution failure
There are two cases while contention resolution failure happens:
1) The UE Contention Resolution Identity included in the MAC control element of msg4 does not match the CCCH SDU transmitted in Msg3.
2) mac-ContentionResolutionTimer expires.
According to existing specification (including eMTC), if the Contention Resolution is considered not successful and the maximum preamble transmission counter hasn’t been reached, UE can proceed to the transmission of a Random Access Preamble by selecting the same group of Random Access Preambles as was used for the previous preamble transmission attempt and the transmission power will be based on the global preamble transmission counter.
During RAN2 NB-IoT AH meeting, there was some discussion about whether UE needs to move to a higher PRACH CE level for failed contention resolution, instead of just keeping the same coverage level, but there was no consensus. Considering the different reasons for failed contention resolution, it might be better to apply different procedures for different contention resolution failures, to achieve a more efficient resource usage and higher possibility for successful random access. 
For contention resolution failure case 1 which means that UE receives the msg4 intended for another UE, the reason might be mainly due to the near and far issue for different UEs. More PRACH repetitions for higher coverage level might not be helpful, compared to a higher transmission power (which can be achieved by increasing the global preamble transmission counter). Therefore, it is desirable to keep the UE in the same PRACH CE level for further random access preamble transmission and just increase the power.
For contention resolution failure case 2, which means that UE doesn’t receive msg4 at the expected time, based on the assumption that contention resolution timer is configured per CEL, it looks helpful to move to a higher PRACH CEL, to get a longer contention resolution timer and a higher repetition number for higher probability for successful contention resolution.
Proposal 6: If the Contention Resolution is considered not successful because of mac-ContentionResolutionTimer expiry, the UE should move to the higher PRACH CE level to proceed to the transmission of preamble; otherwise, the UE should continue in the same PRACH CE level to proceed to the transmission of preamble.
2.4 Maintenance of Uplink Time Alignment
For stationary or low-mobility UE, there might be no need to adjust TA frequently, e.g. only Timing Advance Command in msg2 is needed, and additional MAC TAC CE could be avoided by relaxed time alignment Timer, e.g. large or infinite value is applicable in NB-IoT.
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Proposal 7: It is proposed to use relaxed time alignment timer, i.e. only large or infinite value is applicable for NB-IoT.
3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: Contention-free RACH is not supported for NB-IoT in this release.

Proposal 2: Global PREAMBLE_TRANSMISSION_COUNTER and per coverage level PREAMBLE_TRANSMISSION_COUNTER_CE are used for NB-IoT.
Proposal 3: Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power.
Proposal 4: MAC contention resolution timer for NB-IoT is configured per-CEL.

Proposal 5: MAC contention resolution timer for NB-IoT should be extended considering e.g. PUSCH/PDCCH/PDSCH repetition number, single tone PUSCH, etc.
Proposal 6: If the Contention Resolution is considered not successful because of mac-ContentionResolutionTimer expiry, the UE should move to the higher PRACH CE level to proceed to the transmission of preamble; otherwise, the UE should continue in the same PRACH CE level to proceed to the transmission of preamble.
Proposal 7: It is proposed to use relaxed time alignment timer, i.e. only large or infinite value is applicable for NB-IoT.
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