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1 Introduction
In last RAN2 #97 meeting, several companies submitted contributions to discuss the selection of carrier index after changing of enhanced coverage level in multi-carrier PRACH triggered by a PDCCH order. Some companies prefer deterministic selection of carrier index while other ones think random selection can also work. Although we have such agreement as ”Baseline agreement (can be discussed also at the next meeting): For PDCCH ordered RACH, we select carrier at CEL change randomly”, some companies still have concern on it.

We will further discuss this issue in this paper.
2 Discussion
2.1 Background

In legacy LTE, PRACH triggered by a PDCCH order is related to non-contention based random access procedure. The non-contention based random access procedure is outlined on Figure 1 below:
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Figure 1: Non-contention based Random Access Procedure

The three steps of the non-contention based random access procedures are:

0)  Random Access Preamble assignment(a Random Access Preamble not within the set sent in broadcast signalling) via dedicated signalling in DL (PDCCH order or HO command):

1)  Random Access Preamble on RACH in uplink (the eNB would match the assigned non-contention Random Access Preamble) 

2)  Random Access Response on DL-SCH
2.2 The issue of PRACH initiated by a PDCCH order in NB-IoT
R13 and R14 NB-IoT doesn’t support contention-free random access. In 36.300, it has descirbed clearly that “Non-contention based (applicable to only handover, DL data arrival, positioning and obtaining timing advance alignment for a sTAG), except for NB-IoT.”, which means, for R13 and R14 NB-IoT, UE can only apply contention based RA.
Although contention-free random access is not supported, in order to make it possible to do resource partitioning in a later release, a parameter nprach-NumCBRA-StartSubcarriers was introduced in [1] and [2]. With this paprameter, the eNB can configue and signal the subset of subcarriers for contention based random access in the PRACH resource configuration in future releases if needed.

Furthermore, PRACH initiated by a PDCCH order has been introduced from R13 NB-IoT. The starting number of NPRACH repetitions and subcarrier index are explicitly indicated by the PDCCH order. In contribution [3] and [4], the issue what subcarrier index should be used after CE leve changed has been analyzed and the solution of deterministic selection of subcarrier index was agreed.  
In R14 NB-IoT, multi-carrier PRACH has been supported. For PRACH initiated by a PDCCH order, a carrier indication can be further signalled by PDCCH order. The UE firstly needs to determine one PRACH resource related to a UL carrier among which provides PRACH resources for a certain CE level based on the signalled carrier indication. It’s straitforward that the UE should use the signalled carrier indication in the signalled initial CE level. However, it’s not clear in specification that how the UE selects carrier after the UE changes to the next CE level. One option for UE is to randomly select a PRACH resource (carrier index) as proposed in [5]. It obviously cannot guarantee that eNB knows exactly which preamble/subcarrier the UE will use since the eNB cannot know which carrier the UE will use after CE level changed. That means, the deterministic selection mechanism for subcarrier index will be useless. That will make the PRACH resource selection in R13 and R14 inconsistent. 

On the contrary, deterministic selection of PRACH resources (carrier and subcarrier) has the following advantages:

1) It can decrease the risk of collision among the PRACH procedures initiated by PDCCH order.
2) It gives better control from the eNB such that load can be better controlled.
3) It’s easily to be extended if contention-free random access is introduced in the future. 

Therefore it’s suggested to consider both deterministic selection of carrier and subcarrier index. 

Proposal 1: Deterministic selection of carrier and subcarrier index for PRACH initiated by a PDCCH order should be supported.
2.3 Possible solutions
Alt1: simply deterministic selection of carrier index after CE level changed
Since the deterministic selection of subcarrier index after CE level changed is already supported, one thing should be supported is deterministic selection of carrier index. 
Considering there may be different carriers in different CE level, the signalled carrier indication may no longer be valid in the new CE level. One option is as proposed in [6], that is to select the UL carrier with the lowest index providing a PRACH resource after CE level changed, starting from the UL carrier indicated in the PDCCH-order and continuing in order of increasing index (including possible wrap around). But per our understanding, this option makes different UEs very likely to choose the same carrier in the next CE level if the signalled carrier indication doesn’t exist in the next CE level. So we don’t prefer it.

The other option is to use the similar modulo algorithm as that for signalled preamble/subcarrier index after the UE changes CE level. That is to use the signalled carrier indication modulo the available PRACH resources in the next CE level. The approaches similar with this option have been proposed in last meeting in [7,8,9], and the updated version can be seen in [10].
Alt2: Introduction of full fledged contention free random access
Another approach is to introduce complete contention-free PRACH function. This alternative solution is some complicated but can make full use of PRACH initiated by a PDCCH order also with configuration of reserved PRACH resource. 
In order to support complete contention-free PRACH function, at least the following modifications should be considered:

1) To remove the restriction on contention-free PRACH procedure in 36.300 and 36.321;

2) To introduce deterministic selection of carrier index with consideration on reserved PRACH resource configuration in 36.321;

3) To modify deterministic selection of subcarrier index with consideration on reserved PRACH resource configuration in 36.321;

4) To introduce a new UE capability for supporting contention-free PRACH in 36.306 in order that the eNB can differentiate which UE can be signalled reserved PRACH resource by PDCCH order.  
The detailed corresponding modifications are provided in CR for MAC spec in [11] and other related CRs. 

We suggest companies to discuss the above two alternative solutions for this issue based on the CRs.

Proposal2: RAN2 is requested to discuss the two alternatives for deterministic selection of PRACH resources for PRACH initiated by a PDCCH order.
3 Conclusion

Based on the analysis in this paper, we have the following proposals:
Proposal 1: Deterministic selection of carrier and subcarrier index for PRACH initiated by a PDCCH order should be supported.
Proposal2: RAN2 is requested to discuss the two alternatives for deterministic selection of PRACH resources for PRACH initiated by a PDCCH order.
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