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1 Introduction

In RAN2#98, it was agreed to introduce contention-free random access (CFRA) into Rel-14 NB-IoT for NPDCCH ordered random access [1], [2], [3]. 
In this contribution, we would like to discuss backward compatible problem that arises when the Rel-14 UE is connected to a Rel-13 eNB. Possible solutions are also discussed.
2 Discussion
2.1 Backward compatibility problem
The procedures of contention-free random access and contention based random access (CBRA) are different:

· CFRA: the random access procedure is considered to be completed after receiving RAR.

· CBRA: the random access procedure is considered to be completed after contention resolution in Msg4.

Although CFRA for NPDCCH ordered case is only supported in Rel-14, the NPDCCH ordered random access has already been supported by Rel-13 NB-IoT. In Rel-13, random access triggered by NPDCCH order is always CBRA. Thus, if the eNB and the UE implement different releases, there may be some backward compatible problems:

· Rel-13 UE accesses Rel-14 eNB: NPDCCH ordered random access is only for the UE in connected mode. The eNB has the release information of the UE in connected mode. Thus, for a Rel-13 UE, a Rel-14 eNB knows that only CBRA is expected. In this case, there is no backward compatibility problem.

· Rel-14 UE accesses Rel-13 eNB: After sending the RAR, the Rel-13 eNB expects to receive Msg3 using TC-RNTI while the Rel-14 UE won’t send it as it considers that the random access procedure has been completed. In this case, there is backward compatibility problem.
Observation 1:  There is a backward compatibility problem when a Rel-14 UE accesses a Rel-13 eNB for NPDCCH order.
2.2 Solutions
· Option 1: Restrict a Rel-13 eNB to signal a preamble index pointing to a CFRA-preamble/subcarrier  in NPDCCH order
Even if the Rel-13 eNB was restricted to signal a preamble index in the range [0...nprach-NumCBRA-StartSubcarriers], the Rel-13 formula used to select a Random Access Preamble after change of CEL does not guarantee that the selected Random Access Preamble will not be a reserved sub-carrier and would not solve the issue.

Forbidding the eNB to signal any preamble index (other than value 0000) is unacceptable as it would remove a feature that is available in rel-13 and may be used by some eNBs.
Option1 is not a solution to solve the problem.

· Option 2: Indicate in the RAR whether CBRA or CFRA applies
One difference between CBRA and CFRA triggered by NPDCCH order is the usage of TC-RNTI signalled in the RAR:

· In CBRA, the TC-RNTI is used to transmit Msg3.
· In CFRA, since the random access is considered to be completed after receiving RAR, the UE will use C-RNTI for the next transmission/reception. The TC-RNTI indicated in the RAR is not used.

Thus, the Rel-14 eNB could use some reserved values for the TC-RNTI in the RAR to indicate that CFRA is used, e.g. TC-RNTI=0. When the Rel-14 UE accesses a Rel-13 eNB, since the TC-RNTI in the RAR will never be 0, the UE knows that the random access is contention based, which is aligned with the eNB.

The text change is limited to Rel-14 MAC:

-
Section 5.1.4: actions upon receiving RAR needs to be modified:
	-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
except for NB-IoT, consider the Random Access procedure successfully completed.

-
if the UE is an NB-IoT UE and the value of Temporary C-RNTI received in the Random Access Response message is 0:

-  consider the Random Access procedure successfully completed.

-
the UL grant contained in the PDCCH transmission is valid only for the configured carrier.

-
else, if the Random Access Preamble was selected by the MAC entity, or the UE is an NB-IoT UE and the value of Temporary C-RNTI received in the Random Access Response message is not 0:

-
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.


· Option 3: CFRA only on non-anchor carrier
Rel-13 NB-IoT only supports random access on anchor-carrier. If the use of CFRA in Rel-14 is restricted to non-anchor carrier, the backward compatibility problem can be solved. In this case, in both Rel-13 and Rel-14 eNB, if the carrier index in the NPDCCH order indicates the anchor carrier, the Rel-14 UEs will perform CBRA.

In this solution, the coverage level change in Rel-14 may cause the switch between CBRA and CFRA because the UE who is ordered to perform random access on non-anchor carrier may choose NPRACH resource on anchor carrier after the change of coverage level according to the formula in 5.1.4.

The text change is limited to Rel-14 MAC:

-
Section 5.1.4: actions upon receiving RAR needs to be modified:
	-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
except for NB-IoT, consider the Random Access procedure successfully completed.

   -
if the UE is an NB-IoT UE and the Carrier Index of the PRACH resource is different from 0 :

-  consider the Random Access procedure successfully completed.

-
the UL grant contained in the PDCCH transmission is valid only for the configured carrier.

-
else, if the Random Access Preamble was selected by the MAC entity, or the UE is an NB-IoT UE and the Carrier Index of the PRACH resource is set to 0:

-
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.


Alternatively, to avoid the possibility that the rel-14 UE switches between CFRA and CBRA at CEL level change, the carrier selection could be restricted to non-anchor carriers.

The text change would be as follows:

-
Section 5.1.4: action at change of CEL needs to be modified:

	-
if the UE is an NB-IoT UE:

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

-
select the PRACH resource in the list of UL non-anchor carriers providing a PRACH resource for the selected enhanced coverage level for which the carrier index is equal to ((Carrier Index from the PDCCH order) modulo (Number of PRACH resources in the selected enhanced coverage));

-
consider the selected PRACH resource as explicitly signalled;


· Option 4: CFRA is only performed when non anchor PRACH carriers are signalled in SIB22-NB 
SIB22-NB is used to configure non-anchor carriers for paging and random access, which is only broadcasted by Rel-14 capable eNB. If CFRA is only supported when non anchor PRACH carriers are signalled in SIB22-NB, then the Rel-14 UEs will always perform CBRA when accessing Rel-13 eNB.
The text change is limited to Rel-14 MAC:

-
Section 5.1.4: action upon receiving RAR needs to be modified:
	-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
except for NB-IoT, consider the Random Access successfully completed.

           -  if the UE is an NB-IoT UE and PRACH resources are provided in non-anchor carriers in ul-ConfigList:
-  consider the Random Access procedure successfully completed.

-
the UL grant contained in the PDCCH transmission is valid only for the configured carrier.

-
else, if the Random Access Preamble was selected by the MAC entity, or the UE is an NB-IoT UE and ul-ConfigList is not signalled:
-
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.


· Comparison of Solutions
	
	Impacts on the specification
	Limitations on Rel-14 random access

	option 2
	Rel-14 MAC:

The actions upon  receiving RAR are modified
	No

	option 3
	Rel-14 MAC:

The actions upon receiving RAR are modified.

Optionally, the selection of a carrier at CEL change is also modified.
	Anchor carrier cannot be used for CFRA.
Anchor carrier cannot be used for PDCCH order with explicit signalling.

	option 4
	Rel-14 MAC:

The actions upon receiving RAR are modified
	If only anchor carrier can be used for random access CFRA is not available.


According to the comparison table, option 2 is preferred since there are no limitations on CFRA.
Proposal 1: RAN2 to agree option 2 to solve the backward compatibility problem for CFRA.

3 Conclusion

This paper discussed the backward compatibility problem caused by introducing CFRA and possible solutions. The corresponding observation and proposal are listed below.
Observation 2:  There is a backward compatibility problem when a Rel-14 UE accesses Rel-13 eNB for NPDCCH order.
Proposal 1: RAN2 to agree option 2 to solve the backward compatibility problem for CFRA.
The sourcing company will prepare the CR according to RAN2 decision. 

4 References

[1] R2-170xxxx, Report from the IoT breakout sessions , Mediatek Inc. (Session Chair), RAN2#98
[2] R2-1706114, 36.300 CR 1028 Resources selection for PRACH triggered by a PDCCH order in eNB-IoT(Option2), RAN2#98
[3] R2-1706172, 36.321 CR 1113 Resources selection for PRACH triggered by a PDCCH order in eNB-IoT(Option2), RAN2#98

5/5


