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1
Introduction
In Rel-13 NB-IoT, the PDCCH order signalled by the eNB contains the subcarrier index and the number of repetitions (i.e. starting CE level) in which the UE uses to derive the random access preamble/subcarrier to be used for the NPRACH in the corresponding CE level. When the CE level changes, the random access preamble/subcarrier used by the UE for the new CE level is also known to the eNB as it is again derived deterministically based on the subcarrier index signalled in the PDCCH order.

In Rel-14 eNB-IoT, the PDCCH order signalled not just the subcarrier index and the starting CE level, it also signalled the PRACH carrier index due to introduction of non-anchor carrier also for random access. When the CE level changes, it is currently not defined how the UE can deterministically derive the carrier to use for the new CE level.  Currently in the running CR, it is assumed that it is randomly selected like in the UE initiated random access. 
In this contribution, it discusses whether it is needed to derive the carrier used for the new CE level deterministically and if so, how it can be done. The CR update is provided herein.
2
Discussion

The purpose of deterministically deriving the subcarrier index for the subsequent CE level is so that the eNB knows the subcarrier index used at every CE level. This will be useful if contention-free random access is supported for NB-IoT as the eNB will know at every CE level which random access preamble/subcarrier is used.  If contention free random access procedure is to be supported in the future, it would also be good to continue with such deterministic derivation also for the PRACH carrier, instead of the random selection of the PRACH carrier for a CE level in the current running CR.

Proposal#1: If contention-free random access is to be supported in the future, it would be better to maintain the deterministic derivation also for the PRACH carriers within a CE level.

One simple way of achieving Proposal 1 is to use modulo function (similar to the derivation of the subcarrier index) as follow:

Selected PRACH resource = PRACH resource list corresponding to the selected enhanced coverage with entry corresponding to (Carrier Index from the PDCCH order modulo Number of PRACH resources corresponding to the selected enhanced coverage).
Hence, it is proposed that:

Proposal#2: The deterministic formula to derive the PRACH carrier for each subsequent CE level, in the case that the random access is initiated by PDCCH order can be: 
Selected PRACH resource = PRACH resource list corresponding to the selected enhanced coverage with entry corresponding to (Carrier Index from the PDCCH order modulo Number of PRACH resources corresponding to the selected enhanced coverage).
The CR change can be done as follow as highlighted yellow:

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. 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 for the corresponding coverage level. If the UE is an NB-IoT UE, in case the number of NPRACH repetitions is greater than or equal to 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 41 subframes and has length ra-ResponseWindowSize for the corresponding coverage level, and in case the number of NPRACH repetitions is less than 64, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 4 subframes and has length ra-ResponseWindowSize 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 NB-IoT UEs, BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to 
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 is defined in Section 5.7.1 of [7].

For BL UEs and UEs in enhanced coverage, 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 BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to 
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 is defined in Section 5.7.1 of [7].

For NB-IoT UEs, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id
where SFN_id is the index of the first radio frame of the specified PRACH and carrier_id is the index of the UL carrier associated with the specified PRACH. The carrier_id of the anchor carrier is 0.
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, except for NB-IoT where the value from Table 7.2-2 is used.

-
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);

-
if the SCell is configured with ul-Configuration-r14, ignore the received UL grant otherwise process the received UL grant value and indicate it to the lower layers;

-
if, except for NB-IoT, 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, except for NB-IoT, the Random Access Preamble was selected by the MAC entity, or for NB-IoT:

-
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 (or 88 bits for NB-IoT) 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:

-
if the notification of power ramping suspension has not been received from lower layers:

-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
if the UE is an NB-IoT UE, 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 NB-IoT:

-
consider the Random Access procedure unsuccessfully completed;
-
else:

-
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.

-
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;
-
else if the SCell where the Random Access Preamble was transmitted is configured with ul-Configuration-r14:

-
delay the subsequent Random Access transmission until the Random Access Procedure is initiated by a PDCCH order with the same ra-PreambleIndex and ra-PRACH-MaskIndex;

-
if the UE is an NB-IoT UE, 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 enhanced coverage level + 1:

-
reset PREAMBLE_TRANSMISSION_COUNTER_CE;

-
consider to be in the next enhanced coverage level, if it is supported by the Serving Cell and the UE, otherwise stay in the current enhanced coverage level;

-
for a BL UE or a UE in enhanced coverage, select the Random Access Preambles group and the PRACH resource corresponding to the selected enhanced coverage level;
-
if the UE is an NB-IoT UE: 

-
if the Random Access Procedure was initiated by a PDCCH order:
-

-
the selected PRACH resource = PRACH resource list corresponding to the selected enhanced coverage with entry corresponding to (Carrier Index from the PDCCH order modulo Number of PRACH resources corresponding to the selected enhanced coverage). 


-
consider the selected PRACH resource corresponding as explicitly signalled;
-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).

3
Conclusions

It is requested that RAN 2 discuss and agreed on the following proposals:
Proposal#1: If contention-free random access is to be supported in the future, it would be better to maintain the deterministic derivation also for the PRACH carriers within a CE level.

Proposal#2: The deterministic formula to derive the PRACH carrier for each subsequent CE level, in the case that the random access is initiated by PDCCH order can be: 

Selected PRACH resource = PRACH resource list corresponding to the selected enhanced coverage with entry corresponding to (Carrier Index from the PDCCH order modulo Number of PRACH resources corresponding to the selected enhanced coverage).
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