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A way forward on further studies on RRM aspects for NB-IoT [7] was agreed at RAN4#78. One of the agreed studies concerns whether legacy random access requirements are impacted by the difference between physical channels in NB-IoT and LTE: · Random access
· RAN4 is to investigate whether the legacy random access requirements is impacted for NB-IOT, e.g. due to the NB-IOT 3.75 KHz and 15 KHz subcarrier spacing


In this contribution we provide an analysis of the latencies involved in random access for NB-IoT and compare them to the corresponding latencies in LTE. Moreover we identify the legacy core requirements that potentially may be adopted in NB-IoT and which would have to be modified to accommodate the differences in latency.
Background
Random Access in LTE legacy
Random access requirements for LTE legacy are captured in [1] clause 6.2 for contention based and non-contention based random access.
For both kinds of random access, the UE shall be capable of determining the PRACH transmission power according to the formula in [2]. The determined power level shall be used in the first or subsequent PRACH preambles. For the first preamble transmission requirements on absolute power level applies, whereas for subsequent preamble transmissions, requirements on relative power level applies. Requirements on absolute and relative power levels are captured in [3]. 
In case the UE reaches the maximum number of transmitted preambles without success, it shall indicate random access problem to higher layers.
Contention based random access
The UE may stop monitoring PDCCH for RAR and transmit msg3 once it has received a RAR with the RAPID corresponding to the preamble transmitted by the UE. In case the UE receives a NACK on the msg3 it shall re-transmit msg3.
The UE shall select a new preamble and transmit it with the determined transmit power when the backoff timer expires and neither of the received RARs have contained the RAPID corresponding to the preamble transmitted by the UE. 
When the UE after having sent msg3 receives a message on Temporary C-RNTI wherein the UE Contention Resolution Identity carried by the MAC control element matches the identity used by the UE in msg3, it shall send an ACK to indicate successful contention resolution. In case the identities do not match, the UE shall select a new preamble and transmit it with the determined transmit power when the backoff timer expires.
In case the Contention Resolution timer expires the UE shall, after the backoff timer has expired, the UE shall select a new preamble and transmit it with the determined transmit power.
Observation 1: Contention based random access involves two timers whose values are under RAN1 control: a backoff timer and a Contention Resolution timer.  
Non-contention based random access
The UE may stop monitoring PDCCH for RAR once it has received a RAR with the RAPID corresponding to the preamble transmitted by the UE.
The UE shall re-transmit the preamble with the determined transmit power as long as neither of the received RARs have contained the RAPID corresponding to the preamble transmitted by the UE, or in case no RAR is received. 
Signalling for contention based random access in LTE legacy


[bookmark: _Ref447189717]Figure 1: MSC for contention based random access in LTE legacy.

The signalling in LTE for random access is indicated in Figure 1. The UE transmits the random access preamble (msg1) in the first PRACH resource it identifies. The periodicity of the PRACH resources may be configured from once every subframe to once every second radio frame. The duration of each PRACH resource varies between 1 and 3 ms, depending on configured preamble format. Particularly, formats 0 and 4 require one subframe, formats 1 and 2 require two subframes, and format 3 requires three subframes duration of the PRACH resource.
The RAR (msg2) is sent on PDSCH with the allocation signalled via PDCCH, using the RA-RNTI and hence in unacknowledged mode i.e. no HARQ ACK/NACK is sent by the UE upon reception of the RAR. Instead msg3 confirms that the UE has received the RAR with a RAPID corresponding to the identity of the preamble used in msg1.
The RRC Connection Request (msg3) is sent on PUSCH in resources granted in the received RAR. The UE is monitoring PDCCH for a msg4 during a backoff time. The UE is monitoring PHICH for a NACK of msg3 by which it will retransmit msg3. The UE does pay attention to an ACK since the contention resolution has not been completed at this point in time. Instead the UE monitors PDCCH for msg4. 
The contention resolution message (msg4) is transmitted over PDSCH with the allocation signalled via PDCCH.
The time for an immediately successful contention-based random access therefor can be expressed as
TRA ≤ TIU + TPRACH_duration + Tmsg1-msg2 + TRAR_window + Tmsg2_reception + Tmsg2-msg3 + Tmsg3_transmission + Tmsg3-msg4 + Tmsg4_reception
where TIU is the initial uncertainty, i.e. time to closest future PRACH resource: 20ms worst case; TPRACH_duration is the duration of PRACH resource: 1, 2 or 3ms [4]; TRAR_window is the RAR window, i.e. time during which the UE monitors PDCCH for msg2: 2-10ms [6]; Tmsg1-msg2 is the time between transmission of msg1 and onset of PDCCH monitoring for msg2: 3ms [5]; Tmsg2-msg3 is the time between reception of msg2 and transmission of msg3: 6ms or more [2]; and Tmsg3-msg4 is the time between transmission of msg3 and reception of msg4: 4ms or more. Moreover Tmsg3_transmission and Tmsg4_reception each are 1 ms. Since the reception of msg2 is comprised within TRAR_window, Tmsg2_reception can be set to 0.
Requirements depending on Random Access in LTE legacy
A number of RRM requirements in [1] depend on the latency of the random access procedure:
· Intra-LTE handover delay ([1] clauses 5.1, 5.2):  
Tinterrupt depends on TIU which in turn depends on PRACH configuration and random access procedure latency.

· RRC Re-establishment ([1] clause 6.1): 
TUE-re-establish_delay depends on TPRACH which in turn depends on PRACH configuration and random access procedure latency.

· PSCell addition and release for Dual Connectivity ([1] clause 7.14): 
Tconfig_PSCell depends on TPCell_ DU and TPSCell_ DU which in turn depend on PRACH configurations and random access latency.
Random Access in NB-IoT
It has been agreed only to support contention-based random access in NB-IoT. The procedure is similar to legacy LTE but the physical channels have different properties. Particularly, for NB-PRACH the 3.75 kHz uplink subcarrier distance option with single tone transmission is specified, where the random access preamble is sent as four consecutive groups of five symbols of length 266.7µs each and where each group is preceded by a cyclic prefix of length 66.7 or 266.7µs. 
Each NB-PRACH resource occupies at least 5.6 and 6.4ms for 66.7 and 266.7µs cyclic prefix configuration, respectively, when no repetition is used. The periodicity of such NB-PRACH resource can be configured to any of {40, 80, 160, 240, 320, 640, 1280, 2560} ms, and the repetition count can be configured to any of {1, 2, 4, 8, 16, 32, 64, 128} repetitions. 
Random Access Response is transmitted on NPDSCH with allocation pointed out on NPDCCH. The DCI carried over NPDCCH indicates the number of repetitions applied for NPDSCH for RAR and msg4, and number of repetitions to apply for NPUSCH for msg3. The number of repetitions of NPDCCH is signaled via system information. In case no RAR is received within the RAR window, or the received RARs do not match with the identity of the preamble used in msg1, the UE shall start a new NB-PRACH transmission in the first NB-PRACH resource from subframe n+12, where n indicates the subframe at which the RAR window ended. 
RRC Connection request (msg3) is sent over NPUSCH in allocations according to an UL grant received in the RAR, and using a repetition number likewise provided in the RAR. The msg3 transmission shall be carried out in the first UL opportunity from subframe n+12 where n indicates the last subframe of the RAR transmission. 
After transmitting msg3 the UE monitors NPDCCH for msg4 carried over NPDSCH and with a repetition count provided in RAR.
The scheduling delay between a received NPDCCH and onset of NPDSCH is at least 4ms, where the applied scheduling delay is provided in the DCI carried by NPDCCH. RAN1 has not yet settled on the values that can be configured.
The minimum time between NPUSCH transmission and a downlink transmission is at least 3ms, as specified for ACK/NACK transmission in response to a NPUSCH transmission.
Comparison between NB-IoT and LTE legacy
A comparison of the latencies involved in random access between LTE and NB-IoT is provided in Table 1. The comparison is based on the formula derived above:
TRA ≤ TIU + TPRACH_duration + Tmsg1-msg2 + TRAR_window + Tmsg2_reception + Tmsg2-msg3 + Tmsg3_transmission + Tmsg3-msg4 + Tmsg4_reception
Some RAN1 agreements are missing but the comparison points at a significantly increased random access latency compared to legacy LTE, mainly due to the extended length of the NB-PRACH resource, the split of NPDCCH and NPDSCH, the sparser NB-PRACH periodicity and the use of repetitions. 
[bookmark: _Ref447208859]Table 1: Comparison of random access latencies in LTE and NB-IoT
	Parameter
	LTE legacy
	NB-IoT
	Comment

	TIU
	1 to 20ms
	40 to 2560ms
	

	TPRACH_duration
	1 to 3 ms
	5.6×NPRACH ms (66.7µs CP)
6.4×NPRACH ms (266.7µs CP)
	NPRACH is NB-PRACH repetition count

	Tmsg1-msg2
	3ms
	TUL-DL
	TUL-DL ≥ 3ms based on minimum time between NPUSCH transmission and associated ACK/NACK transmission

	TRAR_window
	max 10ms
	TBD
	Random Access Response window has not yet been specified for NB-IoT

	Tmsg2_reception
	0ms
	1×NPDCCH + 1×NMSG2 + TNPDCCH-NPDSCH ms
	TNPDCCH-NPDSCH ≥ 4ms scheduling delay between NPDCCH and NPDSCH
NMSG2 received in NPDCCH associated with RAR.

	Tmsg2-msg3
	≥ 6ms
	≥ 12ms
	

	Tmsg3_transmission
	1ms
	1×NMSG2 ms (multi tone)
8×NMSG2 ms (single tone)
	[bookmark: _GoBack]Multi- or single tone transmission can be used for msg3

	Tmsg3-msg4
	4ms
	TUL-DL
	TUL-DL ≥ 3ms based on minimum time between NPUSCH transmission and associated ACK/NACK transmission

	Tmsg4_reception
	1ms
	1×NPDCCH + 1×NMSG3 + TNPDCCH-NPDSCH ms
	



The impact on the core requirements related to random access is limited to:
· New range of values for backoff timer and contention resolution timer (Observation 1) are needed to accommodate the larger latency in NB-IoT. This has an impact on [1] clause 6.2.
· The RRC Re-establishment requirement, [1] clause 6.1 (see Section 2.3 above), need to take into account the increased latency for random access (as well as for other signalling).
Since neither connected mode mobility nor dual connectivity is to be supported in Rel.13, the remaining requirements identified in Section 2.3 above do not apply to NB-IoT.
Conclusions
The latency associated with random access is NB-IoT is significantly larger than for LTE due to the extended length of the NB-PRACH resource, the split of NPDCCH and NPDSCH, the sparser NB-PRACH periodicity and the use of repetitions.
The impact on RRM core requirements is however limited to the following 
· New range of values for backoff timer and contention resolution timer are needed to accommodate the larger latency in NB-IoT. This has an impact on [1] clause 6.2.
· The RRC Re-establishment requirement, [1] clause 6.1 (see Section 2.3 above), need to take into account the increased latency for random access (as well as for other signalling).
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