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1 Introduction
In RAN2#98 meeting, Non-contention based RA procedure was introduced for NB-IoT in Rel-14 and corresponding CR [1] was agreed. We noticed that there are following backward compatible issues in this feature. 
Issue1: Mismatch on RA procedure completion timing 
Issue2: Mismatch on start subcarrier selection

In this paper, we present potential issues.
2 Discussion
2.1 Issue1: RA procedure completion timing
In Rel-13, Non-contention based RA procedure is not supported for NB-IoT for simplicity. However, the alternative mechanism to avoid contention between UEs was introduced [2]. Specifically, the parameter nprach-NumCBRA-StartSubcarriers was specified to partition RA preambles (start subcarriers) into 2 subsets, one from which UE randomly selects by itself for UE initiated RA procedure and the other from which UE is assigned by NW dedicatedly via PDCCH order. With such resource partitioning, eNB can explicitly assign the dedicated RA preamble to the specific UE and then the contention with other UEs can be avoided. It should be noted that even with such dedicated resource assignment, UE needs to perform contention resolution for RA procedure completion since only 4-step RA procedure is specified in Rel-13. 
In Rel-14, Non-contention based RA procedure is introduced in R2-1706172 [1] eventually. In this case, UE can complete RA procedure upon RAR reception when UE is assigned RA preamble dedicatedly by eNB. The RA preamble to be used for Non-contention based RA procedure is signalled via nprach-NumCBRA-StartSubcarriers. This implies that those resources are shared with Non-contention RA procedure in Rel-14 and Contention based RA procedure with dedicated resource in Rel-13. 
As per the changes to support Non-contention based RA procedure, following changes were done [1].
	5.1.4
Random Access Response reception

…
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 Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the MAC entity shall:



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

-
consider the Random Access procedure successfully completed.



…


Based on the above, the UE behaviour in Rel-13 and Rel-14 are described respectively as below:
Rel-13 (contention based RA procedure is performed)
0. eNB assigns to UE a RA preamble via a PDCCH order.

1. UE transmits RA preamble to eNB.

2. eNB transmits RA response to UE.

3. UE transmits the PUSCH assigned by UL grant in RAR.
4. eNB transmits a contention resolution to UE. The UE considers the RA procedure successfully completed.

Rel-14 (Non-contention based RA procedure is performed)
0. eNB assigns to UE a RA preamble via a PDCCH order.

1. UE transmits RA preamble to eNB.

2. eNB transmits RA response to UE. The UE considers the RA procedure successfully completed.
(3. UE transmits the PUSCH assigned by UL grant in RAR.)
As explained above, since even Rel-13 eNB may assign dedicated RA preamble, Rel-14 UE should follow the behaviour corresponding to the NW release. On the other hand, according to the changes in above, the Rel-14 UE always considers RA procedure completed upon RAR reception when the dedicated RA preamble is explicitly signalled by the eNB. Thus, there could be a risk of mismatch between UE and NW. Specifically, when Rel-13 eNB assigns dedicated RA preamble via a PDCCH order to Rel-14 UE, the UE considers the RA procedure successfully completed upon reception of RA response (Msg2) and performs PUSCH transmission (addressed by UL grant in RAR) scrambled with C-RNTI. On the other hand, since the eNB expects to receive PUSCH scrambled with Temporary C-RNTI, the eNB fails to decode Msg3. Consequently, the RA procedure using dedicated RA preamble always fails from NW perspective. 
Observation 1:
There is a backward compatible issue between Rel-14 NB-IoT UE and Rel-13 eNB, which causes the failure of RA procedure initiated by a PDCCH order from NW perspective.
2.2 Issue2: Start subcarrier selection

In sub-clause 5.1.2 in TS36.321, the equation to derive the RA preamble from ra-PrambleIndex is specified. In Rel-14, the following change was done in R2-1706172 [1] for RA preamble selection:

	5.1.2
Random Access Resource selection

…
-
else, for NB-IoT, if ra-PreambleIndex (Random Access Preamble) and PRACH resource have been explicitly signalled:
-
the PRACH resource is that explicitly signalled;
-
if the ra-PreambleIndex signalled is not 000000:

-
the Random Access Preamble is set to nprach-SubcarrierOffset + nprach-NumCBRA-StartSubcarriers + (ra-PreambleIndex modulo (nprach-NumSubcarriers - nprach-NumCBRA-StartSubcarriers)), where nprach-SubcarrierOffset, nprach-NumCBRA-StartSubcarriers and nprach-NumSubcarriers are parameters in the currently used PRACH resource.
…


The results of RA preamble selection become different depending on UE release if eNB indicates ra-PreambleIndex which is used for UE initiated RA procedure via a PDCCH order. Followings are the example scenario:

Example) 

· Assumption:
nprach-SubcarrierOffset = 0, 12, 24 for each CE level
nprach-NumSubcarriers = 12
nprach-NumCBRA-StartSubcarriers = 8
· Case 1: eNB indicates ra-PreambleIndex = 10 ( i.e., a preamble to be assigned by NW to the UE dedicatedly) by a PDCCH order
( The results of RA preamble selection are the same, i.e., both Rel-13 UE and Rel-14 UE select ra-PreambleIndex = 10.
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Figure 1: Preamble selection in Case 1

· Case 2: eNB indicates ra-PreambleIndex = 4 (i.e., a preamble from which UE can randomly select for UE initiated RA procedure) by a PDCCH order
( The results of RA preamble selection are different, i.e., Rel-13 UE selects ra-PreambleIndex = 4 while Rel-14 UE selects ra-PreambleIndex = 8.
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Figure 2: Preamble selection in Case 2

In case that Rel-14 UE is connected to Rel-13 eNB, the UE may not select the RA preamble which eNB intended to assign due to the different RA preamble selection algorithm between Rel-13 and Rel-14. Therefore, the RA procedure fails from NW perspective. 
Observation 2:
The result of RA preamble selection of Rel-14 NB-IoT UE is different from that of Rel-13 NB-IoT UE.
The above mentioned backward compatible issues should be addressed immediately. So we propose the followings:
Proposal 1:
RAN2 to confirm the backward compatible issues (Issue1 and 2) in Non-contention based RA procedure for NB-IoT.
Proposal 2:
These issues should be addressed in the next version of the specification.
3
Summary 

In this paper, we discussed the backward compatible issue between Rel-13 eNB and Rel-14 NB-IoT UE for RA procedure. Followings are the observations and proposals:

Observation 1:
There is a backward compatible issue between Rel-14 NB-IoT UE and Rel-13 eNB, which causes the failure of RA procedure initiated by a PDCCH order.
Observation 2:
The result of RA preamble selection of Rel-14 NB-IoT UE is different from that of Rel-13 NB-IoT UE.
Proposal 1:
RAN2 to confirm and address the backward compatible issues in Non-contention based RA procedure for NB-IoT.
Proposal 2:
These issues should be addressed in this meeting.
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