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Introduction
During we did IODT with network venders, we observed that it is ambiguous on understanding of the PRACH resource collision between CE level(s).There are two different opinions whichever may cause different RACH performance.

In this document, we analyze the detail and try to reach a more clear agreement.
Discussion
[bookmark: _Toc415085531]About handling of the PRACH resource collision between different CE levels,there is a paragraph in [4] to specify it.

5.1.2	Random Access Resource selection
<Unrelated parts are omitted>
- determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex (except for NB-IoT), the PRACH Mask Index (except for NB-IoT, see clause 7.3), physical layer timing requirements, as specified in TS 36.213 [2], and in case of NB-IoT, the subframes occupied by PRACH resources related to a higher enhanced coverage level (a MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);.
<Unrelated parts are omitted>
Above highlighted words show that NB-IOT UE shall take the subframes occupied by PRACH resouces of higher CE level as invalid PRACH resouces. In other words, the collision is determined on subframe level. 
Observation 1: In current spec, collision is determined on subframe level.
There was also a RAN1 agreement in RAN1#84bis[1] to further explain it,the agreement says that:

R1-163766	WF on PRACH resource collision Handling for NB-IoT	Ericsson, ZTE, Samsung 
Decision: The document is noted.
Agreement:
· UEs in lower coverage treat NPRACH opportunities that collide with NPRACH opportunities of higher coverage level(s) as invalid. 
· UEs only use valid NPRACH opportunities for Msg1 transmission

[bookmark: _GoBack]From the physical layer view, how to understand the NPRACH opportunities collision? It’s reasonable to refer to the handling of collision between NPUSCH resource and NPRACH resource,following is the related specification[3]: 
10.1.3.6	Mapping to physical resources 	
<Unrelated parts are omitted>
If a mapping to slots or a repetition of the mapping contains a resource element which overlaps with 
- any configured NPRACH resource according to NPRACH-ConfigSIB-NB, or 
- any configured NPRACH resource according to nprach-ParametersList and if the UE indicates multiCarrier-NPRACH as supported, or
- any configured NPRACH resource configured for Early Data Transmission and if the NPUSCH transmission is during an Early Data Transmission procedure [12, Subclause 7.3b],.
then,



- for  the NPUSCH transmission in overlapped slots is postponed until the next  slots not overlapping with any configured NPRACH resource. 



- for  the NPUSCH transmission in overlapped  slots is postponed until the next  slots starting with the first slot satisfying  and not overlapping with any configured NPRACH resource.
<Unrelated parts are omitted>
Above highlighted words show that NPUSCH shall avoid the resource element which occupied by NPRACH resources. In other words, the collision is determined on resource element level.
Observation 2: In current spec, from physical layer view, collision should be determined on resource element level.
Based on above 2 observations, the UE’s behavior will be much different when UE selects NPRACH resource encountering following NPRACH resource configurations.
Scenario 1: as shown by Figure1, most of the PRACH resource collide. Except for the collision part, the number of contiguous sub-carriers is less than 12.
[image: ]
Figure 1. PRACH resource collision between different CE levels 
Scenario 2: as shown by Figure2, except for the collision part, the number of contiguous sub-carriers isn’t less than 12 and lies on up or down side of collision part.
[image: cid:image003.png@01D60F62.998AF240]
Figure 2. PRACH resource collision between different CE levels 
Scenario 3: as shown by Figure3, except for the collision part, there are 2 parts lie on the different side of collision part and both of them have no less than 12 contiguous sub-carriers individually.
[image: cid:image004.png@01D60F62.998AF240]
Figure 3. PRACH resource collision between different CE levels 
How to select PRACH resource? Based on observation1, the sub-carriers in red rectangle should not be determined as valid PRACH resources, thus the corresponding subframes should be taken as invalid. Based on observation2, the sub-carriers in red rectangle should be determined as valid PRACH resources, thus the corresponding subframes should be taken as valid. From above difference it’s easy to found that UEs may have more RACH opportunities if it takes observation2.
Observation 3: Based on observation2, UEs in lower CE level may have more RACH opportunities when it encountering PRACH resource collision with higher CE level. And the configuration on PRACH resource will has more flexibility at the network side.
Because we found network venders have different selection between observation1 and observation2, we put forward following two proposals to keep aligned: 
Proposal 1: If we adopt observation1, there is no changes to current spec, but should reach a new agreement like this: 
 Clarification on PRACH resource collision handling for NB-IoT:
   Agreement:
· UEs in lower coverage treat NPRACH opportunities (subframe level) that collide with NPRACH opportunities of higher coverage level(s) as invalid. 
· UEs only use valid NPRACH opportunities for Msg1 transmission
Proposal 2: If we adopt observation2, send a liaison to RAN2 to change current 36.321 like this:
5.1.2	Random Access Resource selection
<Unrelated parts are omitted>
- determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex (except for NB-IoT), the PRACH Mask Index (except for NB-IoT, see clause 7.3), physical layer timing requirements, as specified in TS 36.213 [2], and in case of NB-IoT, the subframes occupied by PRACH resources without usable PRACH resources due to occupation from PRACH resources related to a higher enhanced coverage level (a MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);.
 <Unrelated parts are omitted>
Conclusion
In this document, we discuss the handling of PRACH resource collision between CE levels and analyze the difference understanding on it. In order to keep network and terminal align and enhance RACH performance, put forward following output, and we could try to select one between these two proposals: 
Observation 1: In current spec, collision is determined on subframe level.
Observation 2: In current spec, from physical layer view, collision should be determined on resource element level.
Observation 3: Based on observation2, UEs in lower CE level may have more RACH opportunities when it encountering PRACH resource collision with higher CE level. And the configuration on PRACH resource will has more flexibility at the network side.
Proposal 1: If we adopt observation1, there is no changes to current spec, but should reach a new agreement like this: 
Clarification on PRACH resource collision handling for NB-IoT:
Agreement:
· UEs in lower coverage treat NPRACH opportunities (subframe level) that collide with NPRACH opportunities of higher coverage level(s) as invalid. 
· UEs only use valid NPRACH opportunities for Msg1 transmission
Proposal 2: If we adopt observation2, send a liaison to RAN2 to change current 36.321 like this:
5.1.2	Random Access Resource selection
<unrelated parts are omitted>
- determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex (except for NB-IoT), the PRACH Mask Index (except for NB-IoT, see clause 7.3), physical layer timing requirements, as specified in TS 36.213 [2], and in case of NB-IoT, the subframes occupied by PRACH resources without usable PRACH resources due to occupation from PRACH resources related to a higher enhanced coverage level (a MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);.
<unrelated parts are omitted>
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