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Introduction
In this contribution we will discuss remaining RAN2 open issues for the random access procedure and the related messages, in order to meet the objectives for the Rel-13 work item “Further LTE Physical Layer Enhancements for MTC” [1]. 
The following agreements regarding random access for bandwidth limited low complexity (LC) UEs and UEs operating coverage enhancements (CE) have been previously made in RAN2: 
RAN2#90:
· eNB provides in SIB a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage).
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).

RAN2#91:
	Agreements
		
1	Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.

2	In addition to PRACH resource sets and corresponding PRACH repetition factor (PRACH repetition number), system information for Rel-13 LC/CE UEs should include…
1. Selection criterion (measurement threshold, pending RAN1/4 confirmation) for determining the initial PRACH coverage level, and
2. Number of maximum preamble transmission attempts per coverage level.

3	Confirm the following RAN1 agreement: RAR time/frequency resource and repetition factor (either for PDSCH or M-PDCCH) are derived from the used PRACH resources.

4	For Rel-13 UEs in extended coverage, RA response window duration is extended based on the RAR repetition factor.

6	Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

7	Support HARQ with repetitions for all unicast transmissions after RAR.

FFS whether the repetition factor is also in the RAR or provided/derived by other means




In the following we assume the agreements by RAN2 even some details (like preamble selection) may change based on RAN1/RAN4 input.
[bookmark: _Ref416460562]Random access procedure
Overview
Figure 1 presents an overview of the random access procedure for Rel-13 low cost UEs and/or Rel-13 UEs operating coverage enhancements. In brief, the steps for contention-based access are:
1. UE determines repetition level to be used based on measurements and a configured threshold and selects a preamble sequence group based on configuration. The preambles in a group correspond to a repetition level. 
2. UE selects a preamble within the group. 
3. UE transmits the preamble in configured or defined PRACH resources.
4. UE searches for M-PDCCH for RAR during RA Response Window. The RAR (or related M-PDCCH) repetition factor and location (narrowband) are derived through the used preamble sequence. If UE does not receive RAR within the response window, it will retry preamble transmission (until maximum tries for that coverage level). After maximum number of retries, the UE tries the next coverage level, if available. 
5. After receiving RAR, the UE sends Msg3 based on the UL grant. There is no agreement yet on how Msg3 repetition factor and location are indicated. 
6. After sending Msg3 the UE starts contention resolution timer and waits for contention resolution as specified in TR 36.321. The details of repetition factors of Msg4 and corresponding control channel have not been agreed to yet.

[image: ]
Figure 1. Example of contention-based random access procedure with coverage enhancements. Different repetition levels, N_i,i=1…4, need to be determined via predefined procedures, possibly partly defined using system information. For simplicity there is no separate notation for M-PDCCH repetition factors. 

Preamble transmission
RAN1 has earlier agreed that “Low complexity UEs should be identifiable by the PRACH preamble”. However, RAN2 has agreed that both LC and UEs operating in CE use the same PRACH resources, which means differentiating between LC and CE UEs cannot be based alone on the received PRACH preamble sequence. A question then is if these different types UEs need to be separated or not; if both LC and CE use the same procedures, there should be no need to differentiate the two types. 

[bookmark: _Toc430603683][bookmark: _Toc430607734][bookmark: _Toc430608086][bookmark: _Toc430613867][bookmark: _Toc430636531][bookmark: _Toc430681121][bookmark: _Toc430686290][bookmark: _Toc430780075][bookmark: _Toc430789292][bookmark: _Toc430870080][bookmark: _Toc430871756][bookmark: _Toc430871798][bookmark: _Toc430988413][bookmark: _Toc430988435][bookmark: _Toc430988442][bookmark: _Toc430989146][bookmark: _Toc430989372][bookmark: _Toc430990880]Low complexity UEs using repetitions cannot be distinguished from normal complexity UEs operating coverage enhancements based on the used PRACH resources alone. 

First MAC selects a preamble and a PRACH resource. Based on the measured pathloss and configured thresholds the LC/CE UE selects the preamble group. This selection can be captured in the MAC similar to selection of group A and B today based on pathloss. 
Then MAC layer instructs the physical layer to transmit the selected preamble and with a set transmission power and use corresponding RA-RNTI. For LC/CE UEs, the MAC layer should additionally tell the number of repetitions the physical layer should use when transmitting the preamble, for example, like:

	[bookmark: _Toc422241407]5.1.3	Random Access Preamble transmission
The random-access procedure shall be performed as follows:
-	set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
-	instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble index and PREAMBLE_RECEIVED_TARGET_POWER.
For bandwidth reduced low complexity UEs and/or UEs operating coverage enhancements, the random-access procedure shall be performed as follows:
-        instruct the physical layer to transmit a preamble using the selected PRACH, using the selected number of repetitions based on the operating coverage enhancement level, corresponding RA-RNTI and preamble index using maximum transmission power.




[bookmark: _Toc430988418][bookmark: _Toc430989137][bookmark: _Toc430989363][bookmark: _Toc430990968][bookmark: _Toc430991166][bookmark: _Toc430779913][bookmark: _Toc430780078][bookmark: _Toc430789295][bookmark: _Toc430870083][bookmark: _Toc430871759][bookmark: _Toc430871787]MAC layer selects the preamble and PRACH resource and instructs physical layer to transmit the preamble with the selected number of repetitions. 

MAC counts the number of preamble transmissions until a set maximum. When the counter PREAMBLE_TRANSMISSION_COUNTER reaches maximum, MAC indicates a random access problem to upper layers. When repetitions are used for coverage enhancements, the counter should be increased only when one full bundle has been sent. PREAMBLE_TRANSMISSION_COUNTER is increased when no RAR is received within the RA response window (or contention resolution fails). There should be no need to update the MAC behaviour relating to the counter, as a successful RAR reception requires reception of a bundle of repetitions and decoding and passing the RAR from PHY to MAC during the RA Response window. From TS 36.321 section 5.1.4 [2]:

	
If no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the MAC entity shall:
-	if the notification of power ramping suspension has not been received from lower layers:
-	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
-	If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
-	if the Random Access Preamble is transmitted on the SpCell:
-	indicate a Random Access problem to upper layers;
-	if the Random Access Preamble is transmitted on an SCell:
-	consider the Random Access procedure unsuccessfully completed.
…




[bookmark: _Toc430789296][bookmark: _Toc430870084][bookmark: _Toc430871760][bookmark: _Toc430871788][bookmark: _Toc430988419][bookmark: _Toc430989138][bookmark: _Toc430989364][bookmark: _Toc430990969][bookmark: _Toc430991167]Handling of PREAMBLE_TRANSMISSION_COUNTER requires no changes in MAC. 

[bookmark: _Ref416267312]RAR transmission

[bookmark: _Ref430604187]RAR format


[bookmark: _Ref430604208]Figure 2. Current format of MAC RAR [2].

The current MAC RAR is shown in Figure 2. The timing advance command and TC-RNTI fields should not depend on the used coverage level and repetitions, i.e., their sizes should remain the same. The UL grant in RAR is defined in TS 36.213 [4] and the contents of this 20-bit grant are:
- Hopping flag – 1 bit
- Fixed size resource block assignment – 10 bits
- Truncated modulation and coding scheme – 4 bits
- TPC command for scheduled PUSCH – 3 bits
- UL delay – 1 bit
- CSI request – 1 bit
In order to retain the scheduling flexibility of Msg3 and similarity to the legacy procedure we propose that the RAR message contains the repetition factor and time/frequency location of Msg3. In the best scenario, the MAC RAR size and UL grant size within RAR are as today. The UL grant contents could be redefined to remove unnecessary information and include the necessary scheduling information for Msg3. For more details regarding redefining the UL grant see [3].

[bookmark: _Toc430607735][bookmark: _Toc430608087][bookmark: _Toc430613868][bookmark: _Toc430636532][bookmark: _Toc430681122][bookmark: _Toc430686291][bookmark: _Toc430780076][bookmark: _Toc430789293][bookmark: _Toc430870081][bookmark: _Toc430871757][bookmark: _Toc430871799][bookmark: _Toc430988414][bookmark: _Toc430988436][bookmark: _Toc430988443][bookmark: _Toc430989147][bookmark: _Toc430989373][bookmark: _Toc430990881]The UL grant in RAR can be redefined to include all necessary scheduling information and repetition factor for Msg3.
 
[bookmark: _Toc427056211][bookmark: _Toc427246821][bookmark: _Toc427330084][bookmark: _Toc427349487][bookmark: _Toc429565847][bookmark: _Toc429568685][bookmark: _Toc429580302][bookmark: _Toc429580323][bookmark: _Toc430603685][bookmark: _Toc430607736][bookmark: _Toc430608078][bookmark: _Toc430613869][bookmark: _Toc430636535][bookmark: _Toc430681124][bookmark: _Toc430686281][bookmark: _Toc430779914][bookmark: _Toc430780079][bookmark: _Toc430789297][bookmark: _Toc430870085][bookmark: _Toc430871761][bookmark: _Toc430871789][bookmark: _Toc430988420][bookmark: _Toc430989139][bookmark: _Toc430989365][bookmark: _Toc430990970][bookmark: _Toc430991168]Legacy MAC RAR format is used for Rel-13 LC and CE UEs. 

[bookmark: _Toc416377580][bookmark: _Toc416378410][bookmark: _Toc416385020][bookmark: _Toc416386059][bookmark: _Toc416460539][bookmark: _Toc416460956][bookmark: _Toc416461947][bookmark: _Toc416479562][bookmark: _Toc416479566][bookmark: _Toc419122853][bookmark: _Toc419126704][bookmark: _Toc419457484][bookmark: _Toc419497487][bookmark: _Toc419505986][bookmark: _Toc427056203][bookmark: _Toc427246814][bookmark: _Toc427330077][bookmark: _Toc427349490][bookmark: _Toc429472830][bookmark: _Toc429565848][bookmark: _Toc429568686][bookmark: _Toc429580303][bookmark: _Toc429580324][bookmark: _Toc430603686][bookmark: _Toc430607737][bookmark: _Toc430608079][bookmark: _Toc430613870][bookmark: _Toc430636536][bookmark: _Toc430681125][bookmark: _Toc430686282][bookmark: _Toc430779915][bookmark: _Toc430780080][bookmark: _Toc430789298][bookmark: _Toc430870086][bookmark: _Toc430871762][bookmark: _Toc430871790][bookmark: _Toc430988421][bookmark: _Toc430989140][bookmark: _Toc430989366][bookmark: _Toc430990971][bookmark: _Toc430991169]The repetition factor and location for Msg3 and are signalled in the UL grant in RAR.

RA response window extension 
As the RAR or M-PDCCH time/frequency location and repetition factor is known based on the used PRACH preamble sequence, the extension of the RA response window is straightforward: The legacy values defined in TS 36.331 [3] (2 – 10 subframes) can be kept, but the UE interprets the configured value as ra-ResponseWindowSize + RAR or M-PDCCH repetition factor – 1 (assuming that the repetition factor here is an integer defining the total number of repetitions or TTIs used for M-PDCCH or RAR transmission). 

[bookmark: _Toc430607739][bookmark: _Toc430608081][bookmark: _Toc430613872][bookmark: _Toc430636538][bookmark: _Toc430681126][bookmark: _Toc430686283][bookmark: _Toc430779916][bookmark: _Toc430780081][bookmark: _Toc430789299][bookmark: _Toc430870087][bookmark: _Toc430871763][bookmark: _Toc430871791][bookmark: _Toc430988422][bookmark: _Toc430989141][bookmark: _Toc430989367][bookmark: _Toc430990972][bookmark: _Toc430991170]The UE interprets the RA response window size as ra-ResponseWindowSize added to the RAR or related M-PDCCH repetition factor minus one. This is captured in MAC specification.
[bookmark: _Toc430686292][bookmark: _Toc430780077][bookmark: _Toc430789294][bookmark: _Toc430870082][bookmark: _Toc430871758][bookmark: _Toc430871800]
If the RA response window size is extended, there is possibility for response window overlaps between UEs transmitting in different radio frames if the PRACH opportunities are close to each other. 

RA-RNTI
Once the preamble is transmitted the UE monitors for PDCCH identified with RA-RNTI, which is calculated as [2]:
	
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble.



Currently t_id is applicable to both frame structures (TDD and FDD) where based on the PRACH Configuration Index the UE has various options in which subframe the preamble transmission is started. f_id is only applicable to frame structure format 2 (TDD) where indices > 0 indicate that random access opportunities are additionally frequency multiplexed [5]. 
[bookmark: _Toc430988415]If RA response window length is extended, then it can be 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 can lead to a UE searching for M-PDCCH using the same RA-RNTI, and reading DCI not meant for that UE, thus potentially leading to higher contention probability. To avoid this issue, we propose to change the RA-RNTI calculation for LC/CE UEs so that this ambiguity is resolved. 
[bookmark: _Toc430988416][bookmark: _Toc430988437][bookmark: _Toc430988444]This can be done, for example, by redefining t_id to map to allowed or configured PRACH opportunities instead of subframe numbers. RAN1 input is needed to make the proper change. 

[bookmark: _Toc430988417][bookmark: _Toc430988438][bookmark: _Toc430988445][bookmark: _Toc430989148][bookmark: _Toc430989374][bookmark: _Toc430990882]RAN1 input or decision on PRACH opportunities is needed for RA-RNTI calculation change. 

[bookmark: _Toc430988423][bookmark: _Toc430989142][bookmark: _Toc430989368][bookmark: _Toc430990973][bookmark: _Toc430991171]Update RA-RNTI calculation once it is clear how PRACH opportunities are defined. 


Backoff
Currently the UE does a random backoff if RAR is not received within the RA Response window or the contention resolution timer expires. The Backoff Indicator (BI) subheader is used to indicate backoff parameter value (the default is 0 ms). The current maximum parameter value corresponds to backoff time of 960 ms and we see no reason to extend this value for CE operation. Increasing the maximum value based on the repetition factor would penalize the CE UEs by increasing the time it would take for network access and uplink data transmission. However, if RAN2 sees the need to increase the maximum backoff timer, we propose the reserved values in TR 36.321 are used to define a suitable value instead of scaling the time based on repetition factor. 

[bookmark: _Toc429568688][bookmark: _Toc429580305][bookmark: _Toc429580326][bookmark: _Toc430603688][bookmark: _Toc430607740][bookmark: _Toc430608082][bookmark: _Toc430613873][bookmark: _Toc430636539][bookmark: _Toc430681128][bookmark: _Toc430686285][bookmark: _Toc430779918][bookmark: _Toc430780083][bookmark: _Toc430789301][bookmark: _Toc430870089][bookmark: _Toc430871766][bookmark: _Toc430871794][bookmark: _Toc430988426][bookmark: _Toc430989143][bookmark: _Toc430989369][bookmark: _Toc430990974][bookmark: _Toc430991172]Keep the current backoff mechanism and values in TR 36.321. If RAN2 sees the need to increase the maximum timer value, the reserved values should be used to define a new maximum instead of scaling the time based on repetition factor(s). 

[bookmark: _Ref415583293]Msg3 and Msg4
M-PDCCH repetition factor
After RAR, UEs which have successfully received the RAR transmit Msg3 containing the UE identity used for contention resolution and layer 2/3 signalling message, such as RRC connection request. HARQ is used for Msg3 and subsequent messages. Agreement from RAN1 says that the data channel repetition factor is signalled in DCI and selected from a set of repetition factors configured by upper layers. However, the repetition factors for Msg3, Msg4 and M-PDCCHs cannot rely on dedicated RRC configuration as it would not be available yet. A non-adaptive option would be to fix these factors in the specifications. 
The uplink grant for Msg3 is currently included in RAR, and it has been agreed the UL grant is used for the initial transmission of Msg3. For the Rel-13 LC/CE UEs, the uplink grant for Msg3 could additionally include the repetition factor. Alternatively, this factor could be derived from the used PRACH resource set and repetition level. The exact contents of Msg3 grant are up to RAN1 to decide. 
Additionally the M-PDCCH repetition factor needs to be configured in order to receive the possible feedback for the Msg3 transmission. The same options listed above for actual Msg3 repetition factor are possible, i.e., 1) Signal in UL grant (in RAR) 2) derive from PRACH or RAR repetition factor 3) broadcast in SI or 4) fix in the specifications. 

[bookmark: _Toc427349491][bookmark: _Toc430613874][bookmark: _Toc430636540][bookmark: _Toc430681129][bookmark: _Toc430686286][bookmark: _Toc430779919][bookmark: _Toc430780084][bookmark: _Toc430789302][bookmark: _Toc430870090][bookmark: _Toc430871767][bookmark: _Toc430871795][bookmark: _Toc430988427][bookmark: _Toc430989144][bookmark: _Toc430989370][bookmark: _Toc430990975][bookmark: _Toc430991173][bookmark: _Toc429472831][bookmark: _Toc429565852][bookmark: _Toc429568691][bookmark: _Toc429580306][bookmark: _Toc429580327][bookmark: _Toc430603689][bookmark: _Toc430607741][bookmark: _Toc430608083]M-PDCCHs related to Msg3 and Msg4 use the same repetition factor. 

Note that if HARQ is used for Msg3 transmission, then possible repetition factor for retransmissions may be the same as the initial transmission or derived from that, or it can be signalled in some other way, such as in DCI on M-PDCCH retransmission grant.
 
Msg4
The eNB replies to Msg3 with Msg4, the final message in the random access procedure, resolving possible contention. Msg4 is a unicast transmission, currently scheduled with PDCCH. Similarly as for Msg3, the repetition factors for M-PDCCH and PDSCH should be made available to the UE without using dedicated RRC configuration. 

[bookmark: _Toc430613875][bookmark: _Toc430636541][bookmark: _Toc430681130][bookmark: _Toc430686288][bookmark: _Toc430779921][bookmark: _Toc430780086][bookmark: _Toc430789304][bookmark: _Toc430870092][bookmark: _Toc430871769][bookmark: _Toc430871797][bookmark: _Toc430988429][bookmark: _Toc430989145][bookmark: _Toc430989371][bookmark: _Toc430990976][bookmark: _Toc430991174][bookmark: _Toc429472832][bookmark: _Toc429565853][bookmark: _Toc429568692][bookmark: _Toc429580307][bookmark: _Toc429580328][bookmark: _Toc430603690][bookmark: _Toc430607742][bookmark: _Toc430608084]Msg4 repetition factor and location is signalled in DCI in M-PDCCH. 


Conclusion
In this contribution we have looked at how the random access procedure is going to work for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:

Observation 1	Low complexity UEs using repetitions cannot be distinguished from normal complexity UEs operating coverage enhancements based on the used PRACH resources alone.
Observation 2	The UL grant in RAR can be redefined to include all necessary scheduling information and repetition factor for Msg3.
Observation 3	RAN1 input or decision on PRACH opportunities is needed for RA-RNTI calculation change.

Based on the discussion in section 2 we propose the following:
Proposal 1	MAC layer selects the preamble and PRACH resource and instructs physical layer to transmit the preamble with the selected number of repetitions.
Proposal 2	Handling of PREAMBLE_TRANSMISSION_COUNTER requires no changes in MAC.
Proposal 3	Legacy MAC RAR format is used for Rel-13 LC and CE UEs.
Proposal 4	The repetition factor and location for Msg3 and are signalled in the UL grant in RAR.
Proposal 5	The UE interprets the RA response window size as ra-ResponseWindowSize added to the RAR or related M-PDCCH repetition factor minus one. This is captured in MAC specification.
Proposal 6	Update RA-RNTI calculation once it is clear how PRACH opportunities are defined.
Proposal 7	Keep the current backoff mechanism and values in TR 36.321. If RAN2 sees the need to increase the maximum timer value, the reserved values should be used to define a new maximum instead of scaling the time based on repetition factor(s).
Proposal 8	M-PDCCHs related to Msg3 and Msg4 use the same repetition factor.
Proposal 9	Msg4 repetition factor and location is signalled in DCI in M-PDCCH.
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