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Discussion and Decision
1      Introduction
In the RAN 2#96 meeting, it is agreed that RA procedure design in NR should support flexible Msg3 with a FFS on whether the eNB can be provided with more information on the Msg3 size so that it can provide a more appropriate Msg3 UL grant in Msg2. In this contribution, we discuss on why NR RA design should be flexible in providing more information and how further information can be provided in Msg1.
It is also agreed that RAN2 should strive for as much commonality in random access procedure as possible across all use cases. One of the areas that we think should strive for commonality in all use cases is in performing contention resolution during random access procedure.

2      Discussion
2.1     The need of expanding the PRACH resource partitioning in LTE
In LTE Rel-8, the preambles are partitioned into preamble group A and B. Which preamble group to be used by the UE for preamble transmission depends on the pathloss estimate at the UE. Based on the preamble transmitted by the UE for the eNB, the eNB can determine the Message 3 size to allocate at the Message 2 RAR. This is particularly useful for the case the random access is triggered by UL data availability as the eNB can allocate more UL grant if it has UL resources. In NR, it is quite likely that Message 3 can also transmit user data other than just MAC and RRC signalling. Hence such PRACH resource partitioning may also be useful for NR.

Another factor that affects the maximum Message 3 size is the control plane latency requirement for a particular service. To meet certain coverage (i.e. a certain maximum pathloss) and control plane latency, the number of HARQ operating points for Message 3 has to be restricted. In LTE, to meet both requirements, the maximum TBS for Message 3 is set to 56bits. However, such control plane latency requirement may be differed for different service and hence the Message 3 size can be different between services (e.g. eMBB may require a control plane latency less stringent than URLLC but more stringent than mMTC) if needed. Hence the HARQ operating point can also be different and thus allowing different Message 3 size to be used. For example, larger Message3 maybe beneficial for the UE to convey more information or even user traffic in order to reduce the UE-eNB exchanges for short transmission and hence reduce UE power consumption.  Therefore, it would seem good to know what services are initiating the random access in order to determine the maximum Message 3 size. If possible, it would also be good to hint on the possible size of the data to be sent in Message3 in Message1. Furthermore, there is also discussion on performing direct UL data transmission from Message3 when the UE is in RRC_Connected as well as in RRC_Inactive state. This will also require gNB knowing a more precise information of the message3 size needed.
Observation#1: Maximum Message 3 size may be affected by pathloss at the UE and latency requirement depending on the services type involved. If direct UL data transmission is needed, gNB would need to know the amount of data to be sent in Message3.
Observation#2: It would also be good to provide gNB on the message 3 size considering the pathloss and the service type required in Message1 for NR.

In Rel-12 MTC and Rel-13 NB-IoT, the PRACH resources (i.e. time, frequency and preamble resources) are used to indicate the coverage enhancement level of a UE in a serving cell. Such coverage enhancement can also be applied to normal LTE UE. It is required to be done on Message 1 (PRACH preamble) because the eNB needs to determine the amount of repetitions and MCS required for Message2 onwards based on Message1. Suppose that this is also required for normal NR UEs (e.g. eMBB UEs), this will also need to be considered for eMBB NR. Even if this is not the case, it has to be considered for mMTC from forward compatibility point of view.
Observation#3: Coverage enhancement may need to be considered for eMBB and mMTC NR random access and the coverage enhancement information needs to be provided in Message1
Related to coverage enhancement support is the possibility of the introduction of much reduced power class for low cost mMTC device. Because of the reduced UL coverage, the UE in enhanced coverage area may have to use the repetition level of a higher coverage enhancement level to transmit the Message1. However, the repetition level of Message2 has to be at the right coverage enhancement level. Such UE may have to indicate whether it has used a different coverage enhancement level for Message1 to the eNB so that the eNB can set the right coverage level for the DL message (i.e., Message2 and Message4). Even though such power class UE may not likely happen in eMBB and URLLC UEs, it may happen in mMTC UEs from forward compatibility point of view.
Observation#4: Reduced power class UE needs to be considered for mMTC NR from forward compatibility point of view and the reduced power class information needs to be provided in Message1
Based on Observations#1 to #4, it is observed that UE may need to indicate its support or desire, e g. bandwidth, coverage enhancement etc. in Message1 and the PRACH design should allow for flexible partitioning of resources in frequency domain, time domain and code domain as a baseline.
Observation: Some information may need to be carried in message 1.  Possible examples: Message3 size, Coverage enhancement, UE power class, Service type, etc.
Proposal#1: The PRACH design (i.e. Msg1) for NR should allow for flexible partitioning of resources in not just code domain (i.e. preamble) but also in frequency and time domain.
2.2     UE identification for UL data transmission in Msg3
In LTE, UE identification is needed for contention resolution in MAC and also for UE context identification in RRC when contention based random access procedure is performed. The following scenarios occur in LTE:
· Initial access for NAS signalling
· Initial access for data transfer (Service Request) 

· Handover

· UL time alignment (UL out of sync)

· SR
· RRC Connection Re-establishment

· Resume

The above can be classified into 2 cases:

Case 1: In the scenarios of initial access, RRC Connection Re-establishment and Resume, UE ID is sent in the RRC message and contention resolution is done through sending the UE Contention Resolution ID MAC CE in Msg4. The UE Contention Resolution ID MAC CE contains the first 48bits of UL CCCH SDU (which normally contains the RRC UE Identity such as S-TMSI, random number, Resume ID or the ReestabUEID and some other bits of Msg3). UE ID in Msg3 of the RRC message can be used to identify the UE context by the RRC or NAS.

Case 2: In the scenarios of contention based handover, UE initiated UL out-of-sync recovery and SR transmission, C-RNTI is sent as a MAC CE in Msg3. The contention resolution and UE context identification is based on the C-RNTI in the PDCCH in Msg4 which corresponds to the C-RNTI MAC CE in Msg3.
Observation#6: In LTE, UE-ID is needed for contention resolution and UE context identification in both cases when contention-based random access procedure is initiated.

In NR, random access procedure may also be applied to the above scenarios. Furthermore, it is also likely that direct UL data transmission may occur in Msg3 (i.e. UL data transmission without RRC message in NR RRC Inactive State which is currently under discussion). C-RNTI may be used if the UL data transmission occurs in the same cell. However, in the RRC Inactive State, the UE may move within an area bigger than a cell (e.g. a tracking area, or gNB assigned areas consisting of a list of cells etc.). In such case when UE sends data directly in Msg 3, C-RNTI is not sufficient to be used for contention resolution and UE context identification. A more “global” UE ID is needed to allow direct UL data transmission in Msg3. It also requires the MAC not only to perform contention resolution but also identify the UE context in order to route the packet to the right UE context and bearer.
Observation#7: C-RNTI is not be sufficient in Msg3, in the case of direct data transmission in RRC Inactive State. It also requires the MAC not only to perform contention resolution but also identify the UE context in order to route the packet to the right UE context and bearer.
There are 4 alternatives that we can take here for NR to cover all cases (i.e. Case 1 and 2 including direct UL data transmission in Msg3):
1.  Follow LTE: UE ID in RRC message in Msg3 and Contention Resolution ID MAC CE in Msg4 for contention resolution, C-RNTI in MAC CE in Msg3 and PDCCH for contention resolution in Msg4 + a new UE ID MAC CE for direct UL data transmission in Msg3 and echo back the new UE ID MAC CE for contention resolution in Msg4
2.  UE ID always in MAC CE (similar to C-RNTI MAC CE) in Msg3 and echo UE ID MAC CE/Contention Resolution ID MAC CE in Msg4, e.g. of Msg3.  
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UE ID MAC CE can be a fixed size (irrespective of which UE id Resume id, S-TMSI, random # or CRNTI is used) or variable size MAC CE dependent on whether the same LCID is used. The UE id can also be passed to RRC from MAC to avoid duplication of UE id in MAC and RRC. MAC SDU and it corresponding subheader are optional, dependent on the use case

3.  UE ID as a field in Msg3 and echo Contention Resolution ID MAC CE in Msg4 e.g. of Msg3:
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The field includes UE ID type field to indicate the type of UE ID (e.g. S-TMSI, ResumeID etc.) and UE ID field contains the value of the UE ID.  
For Alternative#1, it would require another MAC CE (on top of contention resolution ID MAC CE (for including the first 48bits of the UL CCCH SDU) and C-RNTI MAC CE) to transmit the UE ID for the UL data transmission in RRC Inactive State. And also require a 3rd way of contention resolution in Msg4.

To avoid introduction of the 3rd way of contention resolution, a small variation of alternative #1 is to use first x bits for contention resolution (as is done in LTE today) for all cases (including direct data transfer) other than use of PDCCH C-RNTI.  This will allow easier forward compatibility for contention resolution even when direct data transfer is introduced in a later release.
For Alternative#2, it provides a more unified approach for all the use cases; however it would require more bits in the MAC layer to send the UE ID which otherwise can be used in the UL CCCH SDU for RRC message. It also require sending the UE ID MAC CE in Msg4 for contention resolution in all cases (including the case where UE ID is C-RNTI unless we keep contention resolution using PDCCH).
For Alternative#3, it also provides a more unified approach for all the use cases without losing bits on MAC CE subheader. However, due to octet alignment of the MAC fields, there may not be a real saving. Like in Alternative#2, it also require sending the UE ID MAC CE in Msg4 for contention resolution in all cases (including the case where UE ID is C-RNTI unless we keep contention resolution using PDCCH).  
To allow better forward compatibility, it is proposed follow LTE model: 

Proposal#3: UE Identification can be performed based on UE ID in the MAC CE (like the C-RNTI MAC CE in LTE) or in the RRC message if it is provided as part of Msg3.
Proposal#4: For Contention Resolution and if UE ID is sent in MAC CE or RRC message in Msg3, the network echo back the first x bits (which covers the UE ID irrespective of whether UE ID is in RRC or as MAC CE ) except when C-RNTI PDCCH can be used instead. In LTE, x is 48bits.

3      Conclusion
In this contribution, we consider the PRACH resource partitioning and the UE identification during random access and has the following observations and proposals:

Observation: Some information may need to be carried in message 1. Possible examples: Message3 size, Coverage enhancement, UE power class, Service type, etc.

Proposal#1: The PRACH design (i.e. Msg1) for NR should allow for flexible partitioning of resources in not just code domain (i.e. preamble) but also in frequency and time domains.
To allow better forward compatibility, it is proposed follow LTE model: 

Proposal#3: UE Identification can be performed based on UE ID in the MAC CE (like the C-RNTI MAC CE in LTE) or in the RRC message if it is provided as part of Msg3.

Proposal#4: For Contention Resolution and if UE ID is sent in MAC CE or RRC message in Msg3, the network echo back the first x bits (which covers the UE ID irrespective of whether UE ID is in RRC or as MAC CE ) except when C-RNTI PDCCH can be used instead. In LTE, x is 48bits.
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