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1 Introduction

When UL transmissions are introduced for LAA the UE needs to perform RA on LAA cells. Therefore the UE may send preambles on LAA cells and they may therefore be dropped due to LBT. Note that when doing RA on an SCell the RAR is sent on the PCell and is therefore not be impacted of LBT.

RAN2 has agreed that the UE shall not perform preamble power ramping when preambles are dropped and that the UE shall not use a preamble for more times than configured by the eNB. In this paper we propose that the UE shall use a counter to decide when to stop the RA procedure.
We also discuss where the RAR should be sent for LAA.
2 Discussion
2.1 Dropping of preambles

To support multiple TA in Rel-14 LAA, it is needed to perform Random Access on LAA SCells. On LAA SCells transmissions may be lost it was agreed in RAN2#93bis that the UE shall not perform power ramping when a preamble transmission is dropped due to LBT.
When the UE drops a preamble due to LBT, the legacy behaviour would be that the UE keeps using the preamble for a longer time and expected by the eNB, e.g. if the eNB has configured the UE to send a preamble 5 times the but the UE happens to drop 2 of those 5 preamble transmissions, it would result in that the UE in practice uses the preamble 7 times instead of 5. RAN2 therefore agreed:

For dedicated preambles there will be a limit for how long the UE can use that preamble (how this is achieved in spec is FFS).
There were two ways of specifying this;

Alt 1. A counter counts the number of preamble transmissions attempts

Alt 2. A timer defines how long time the UE is allowed preamble attempts using the preamble

The result is the same of these two alternatives and it comes down to how to implement it in MAC. According to current specifications the UE maintains a counter (PREAMBLE_TRANSMISSION_COUNTER) to determine after how many preamble transmission attempts the UE shall stop the random access procedure. This counter is increased each time the UE performs a preamble transmission and when it reaches a configured value the UE stops the random access procedure.

The timer-approach would also be possible, the UE would start the timer in the beginning of the random access procedure and when the timer expires the UE would stop the random access procedure.

While both alternatives work (text proposals for MAC is found in the annex), we believe Alternative 1 (counter based approach) is more aligned to current behaviour in MAC and we therefore prefer that. Further, if we use the timer approach we need to define the duration of the timer. This could either be a new signalled RRC-parameter or could be derived from preambleTransMax. But to derive it from preambleTransMax seems unnecessarily complex.

We propose:
Proposal 1 A counter is used to decide when the random access procedure should stop

Proposal 2 The text proposal for the counter based approach shown in the annex is used as baseline

2.2 RAR transmission

RAN2 discussed briefly where RAR should be sent for Random Access procedures performed on LAA cells. In current Carrier Aggregation the eNB sends RAR for SCell RA on the PCell, so this will be supported also in Rel-14. The question is if it is worthwhile adding support for sending RAR also on SCells. It increases RA resources if we send RAR also on the SCell, however we think it would be fine to stick to CA behaviour also in LAA to avoid increasing complexity by sending RAR in different ways depending on if RA is performed on a normal SCell or an LAA cell. Further to send RAR on SCells would require the UE to monitor Common Search Space for SCells and this would impact RAN1.
Proposal 3 In LAA, like in normal CA, RAR is sent on the PCell, not SCells
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A counter is used to decide when the random access procedure should stop
Proposal 2
The text proposal for the counter based approach shown in the annex is used as baseline
Proposal 3
In LAA, like in normal CA, RAR is sent on the PCell, not SCells


4 Annex - Text proposals

4.1 Counter based alternative

Beginning of changes

5.1.1
Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC sublayer itself or by the RRC sublayer. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a MAC entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the MAC entity shall initiate a Random Access procedure on this Serving Cell. For Random Access on the SpCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for SpCell.
Before the procedure can be initiated, the following information for related Serving Cell is assumed to be available except for BL UEs or UEs in enhanced coverage [8]:

-
the available set of PRACH resources for the transmission of the Random Access Preamble, prach-ConfigIndex.

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group (SpCell only):


The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA:


If sizeOfRA-PreamblesGroupA is equal to numberOfRA-Preambles then there is no Random Access Preambles group B. The preambles in Random Access Preamble group A are the preambles 0 to sizeOfRA-PreamblesGroupA – 1 and, if it exists, the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7].

-
if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB and messageSizeGroupA, the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10], and the offset between the preamble and Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles (SpCell only).

-
the RA response window size ra-ResponseWindowSize.

-
the power-ramping factor powerRampingStep.

-
the maximum number of preamble transmission preambleTransMax.

-
the initial preamble power preambleInitialReceivedTargetPower.

-
the preamble format based offset DELTA_PREAMBLE (see subclause 7.6).

-
the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx (SpCell only).
-
the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only).

NOTE:
The above parameters may be updated from upper layers before each Random Access procedure is initiated.

The following information for related Serving Cell is assumed to be available before the procedure can be initiated for BL UEs or UEs in enhanced coverage [8]:

-
the available set of PRACH resources associated with each enhanced coverage level supported in the Serving Cell for the transmission of the Random Access Preamble, prach-ConfigIndex.

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group, preambleMappingInfoList (SpCell only):


The preambles that are contained in Random Access Preambles groups for each CE level, if it exists, are calculated from the parameters firstPreamble and lastPreamble
-
the criteria to select PRACH resources based on RSRP measurement per enhanced coverage level supported in the Serving Cell; RSRP-ThresholdsPrachInfoList.

-
the maximum number of preamble transmission per enhanced coverage level supported in the Serving Cell; maxNumPreambleAttemptCE.

-
the number of repetitions required for preamble transmission attempt per enhanced coverage level supported in the Serving Cell; numRepetitionPerPreambleAttempt.

-
the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10].

-
the RA response window size ra-ResponseWindowSize and the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only) per enhanced coverage level supported in the Serving Cell.

-
the maximum number of preamble transmission preambleTransMax-CE.
The Random Access procedure shall be performed as follows:

-
Flush the Msg3 buffer;

-
set the PREAMBLE_TRANSMISSION_COUNTER to 1;
-
set the PREAMBLE_TRANSMISSION_ATTEMPT_COUNTER to 1;
-
if the UE is a BL UE or a UE in enhanced coverage:

-
set the PREAMBLE_TRANSMISSION_COUNTER_CE to 1;

-
if the RSRP threshold of CE level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 3 then:

-
the MAC entity considers to be in CE level 3;

-
else if the RSRP threshold of CE level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 2 then:

-
the MAC entity considers to be in CE level 2;

-
else if the measured RSRP is less than the RSRP threshold of CE level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList then:

-
the MAC entity considers to be in CE level 1;

-
else:

-
the MAC entity considers to be in CE level 0;

-
select the Random Access Preambles group, ra-ResponseWindowSize, mac-ContentionResolutionTimer and PRACH resource corresponding to the selected CE level;

-
set the backoff parameter value to 0 ms;

-
for the RN, suspend any RN subframe configuration; 

-
proceed to the selection of the Random Access Resource (see subclause 5.1.2).

NOTE:
There is only one Random Access procedure ongoing at any point in time in a MAC entity. If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.

Next change

5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission or a Sidelink Discovery Gap for Reception, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes. If the UE is a BL UE or a UE in enhanced coverage, RA Response window starts at the subframe that contains the end of the last preamble repetition plus three subframes and has length ra-ResponseWindowSize subframes for the corresponding coverage level. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

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) except for bandwidth reduced low complexity UEs or UEs in enhanced coverage. For these UEs, RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI=1+t_id + 10*f_id + 60*(SFN_id mod (Wmax/10))
where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6), SFN_id is the index of the first radio frame of the specified PRACH, and Wmax is 400, maximum possible RAR window size in subframes for bandwidth reduced low complexity UEs or UEs in enhanced coverage.
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.

-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the MAC entity shall regardless of the possible occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission or a Sidelink Discovery Gap for Reception:

-
if the Random Access Response contains a Backoff Indicator subheader:

-
set the backoff parameter value as indicated by the BI field of the Backoff Indicator subheader  and Table 7.2-1.

-
else, set the backoff parameter value to 0 ms.

-
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the MAC entity shall:

-
consider this Random Access Response reception successful and apply the following actions for the serving cell where the Random Access Preamble was transmitted:
-
process the received Timing Advance Command (see subclause 5.2);

-
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);

-
process the received UL grant value and indicate it to the lower layers;

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
consider the Random Access procedure successfully completed.

-
else, if the Random Access Preamble was selected by the MAC entity:

-
set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message;

-
if this is the first successfully received Random Access Response within this Random Access procedure:

-
if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission;

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer.

NOTE:
When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response.

NOTE:
If within a Random Access procedure, an uplink grant provided in the Random Access Response for the  same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined.

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:

-
increment PREAMBLE_TRANSMISSION_ATTEMPT_COUNTER by 1;
-
if the notification of power ramping suspension has not been received from lower layers:
-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
if the UE is a BL UE or a UE in enhanced coverage:

-
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax-CE + 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.

-
else:

-
if PREAMBLE_TRANSMISSION_ATTEMPT_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.

-
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

-
based on the backoff parameter, select a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value;

-
delay the subsequent Random Access transmission by the backoff time;

-
if the UE is a BL UE or a UE in enhanced coverage:

-
increment PREAMBLE_TRANSMISSION_COUNTER_CE by 1; 

-
if PREAMBLE_TRANSMISSION_COUNTER_CE = maxNumPreambleAttemptCE for the corresponding coverage level + 1:

-
reset PREAMBLE_TRANSMISSION_COUNTER_CE;

-
consider to be in the next CE level, if it exists, otherwise stay in the current CE level;

-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).

End of changes
4.2 Timer based alternative

Note that with this approach RRC will be impacted as well to provide the timer value, but that is not shown below.
Beginning of changes

5.1.1
Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC sublayer itself or by the RRC sublayer. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a MAC entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the MAC entity shall initiate a Random Access procedure on this Serving Cell. For Random Access on the SpCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for SpCell.
Before the procedure can be initiated, the following information for related Serving Cell is assumed to be available except for BL UEs or UEs in enhanced coverage [8]:

-
the available set of PRACH resources for the transmission of the Random Access Preamble, prach-ConfigIndex.

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group (SpCell only):


The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA:


If sizeOfRA-PreamblesGroupA is equal to numberOfRA-Preambles then there is no Random Access Preambles group B. The preambles in Random Access Preamble group A are the preambles 0 to sizeOfRA-PreamblesGroupA – 1 and, if it exists, the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7].

-
if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB and messageSizeGroupA, the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10], and the offset between the preamble and Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles (SpCell only).

-
the RA response window size ra-ResponseWindowSize.

-
the power-ramping factor powerRampingStep.

-
the maximum number of preamble transmission preambleTransMax.

-
the initial preamble power preambleInitialReceivedTargetPower.

-
the preamble format based offset DELTA_PREAMBLE (see subclause 7.6).

-
the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx (SpCell only).
-
the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only).

NOTE:
The above parameters may be updated from upper layers before each Random Access procedure is initiated.

The following information for related Serving Cell is assumed to be available before the procedure can be initiated for BL UEs or UEs in enhanced coverage [8]:

-
the available set of PRACH resources associated with each enhanced coverage level supported in the Serving Cell for the transmission of the Random Access Preamble, prach-ConfigIndex.

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group, preambleMappingInfoList (SpCell only):


The preambles that are contained in Random Access Preambles groups for each CE level, if it exists, are calculated from the parameters firstPreamble and lastPreamble
-
the criteria to select PRACH resources based on RSRP measurement per enhanced coverage level supported in the Serving Cell; RSRP-ThresholdsPrachInfoList.

-
the maximum number of preamble transmission per enhanced coverage level supported in the Serving Cell; maxNumPreambleAttemptCE.

-
the number of repetitions required for preamble transmission attempt per enhanced coverage level supported in the Serving Cell; numRepetitionPerPreambleAttempt.

-
the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10].

-
the RA response window size ra-ResponseWindowSize and the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only) per enhanced coverage level supported in the Serving Cell.

-
the maximum number of preamble transmission preambleTransMax-CE.
The Random Access procedure shall be performed as follows:

-
Flush the Msg3 buffer;
-
start preambleValidityTimer;
-
set the PREAMBLE_TRANSMISSION_COUNTER to 1;

-
if the UE is a BL UE or a UE in enhanced coverage:

-
set the PREAMBLE_TRANSMISSION_COUNTER_CE to 1;

-
if the RSRP threshold of CE level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 3 then:

-
the MAC entity considers to be in CE level 3;

-
else if the RSRP threshold of CE level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 2 then:

-
the MAC entity considers to be in CE level 2;

-
else if the measured RSRP is less than the RSRP threshold of CE level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList then:

-
the MAC entity considers to be in CE level 1;

-
else:

-
the MAC entity considers to be in CE level 0;

-
select the Random Access Preambles group, ra-ResponseWindowSize, mac-ContentionResolutionTimer and PRACH resource corresponding to the selected CE level;

-
set the backoff parameter value to 0 ms;

-
for the RN, suspend any RN subframe configuration; 

-
proceed to the selection of the Random Access Resource (see subclause 5.1.2).

NOTE:
There is only one Random Access procedure ongoing at any point in time in a MAC entity. If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.

Next change

5.1.y
Expiry of preambleValidityTimer
When preambleValidityTimer expires the MAC entity shall:
-
if the Random Access Preamble is transmitted on an SCell:

-
consider the Random Access procedure unsuccessfully completed.
End of changes
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