[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90bis                               	      R1-1718143
Prague, Czechia, 9th – 13th October 2017

[bookmark: Source]Agenda item:       6.2.6.1.2

Source: 	Qualcomm Incorporated
Title: 	Physical layer aspects of early data transmission during random access procedure
[bookmark: DocumentFor]Document for:     Discussion/Decision
1. Introduction
In RAN#75 a new work item (WI) named Further NB-IoT enhancements [1] was introduced. One of the objectives of the work item is: 
Further latency and power consumption reduction 
· [bookmark: _Hlk481494552]Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

In RAN1#89 the following agreement was reached:
Agreement:
· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.

In this contribution, we present further details on physical layer impact of early data transmission during random access procedure.

2. PRACH partitioning
Figure 1 below shows a call flow allowing data transmission in msg3. If eNB allows early data transmission during random access procedure, it will allocate dedicated NPRACH resources for this purpose and announces the resources via system information broadcast. The UE can indicate its intention (and potentially other parameters) for early data transmission in msg1 via selecting an NPRACH resource based on the announced resources. The selection may be based on random selection. 
Due to this, PRACH partitioning is needed to enable this feature. The following partitioning may be needed:
- Different PRACH for different CE levels
- Different PRACH for Early Data vs normal connection
- (Potentially) different PRACH for different payload sizes in early data.



Figure 1 Data transmission in msg3
For example, for an eNB that supports 4 CE levels and 2 different payload sizes for early data, the total number of PRACH resources is 4x3=12. A large number of NPRACH resources will derive in increased latency and/or reduced network capacity, which may result in networks deploying reduced number of options (e.g. early data for single payload size, or for a subset of the CE levels). Thus, increasing the NPRACH capacity seems beneficial for this matter.
Observation 1: The introduction of early data transmission will very likely require increasing NPRACH capacity.
For NB-IoT, a preamble of NPRACH is sent in 4 symbol groups and each symbol group consists of one CP and a sequence of 5 identical symbols. Since a simple sequence with all ‘1’ is used for NPRACH it is not possible to multiplex different UEs on the same NPRACH resource. One technique also discussed in ‘NPRACH reliability enhancement’ during this work item is to introduce a ‘frequency shift’ around an existing NPRACH subcarrier to increase the capacity. An integer multiple of 0.75 kHz can be applied so that the UE intending for early data transmission may randomly select a frequency shift from [-2 -1 1 2] * 0.75kHz and the legacy UE will use zero frequency shift. The two overlapped NPRACH signals with different frequency shifts are orthogonal to each other. With five different frequency shifts there are 5 times increase on NRACH capacity. 


Figure 2 NPRACH subcarrier locations with integer multiple of 0.75 kHz shifts.
Proposal 1: Study the introduction of frequency shift of k*0.75 kHz for NPRACH to increase the capacity.
The cover code can be applied on symbol group level, e.g., symbol group levelling scrambling by the cover code, to allow differentiation between NPRACH signals from different users. Thus, the UE may select a cover code + preamble before starting random access procedure. For an OCC length of 2, the NPRACH capacity is doubled. For example, different cover codes may be used to increase the capacity for a single “PRACH group”, or may be used to signal different payload sizes for early data. The introduction of OCC may also enable multiplexing of new UEs (e.g. UEs using early data) with Rel-13/14 UEs. For example, the legacy UE can be considered to use an OCC of [1,1] and an OCC of [1,-1] may be used by Rel-15 UEs. 
Proposal 2: Introducing OCC over symbol groups can be considered also for increasing NPRACH capacity.
3. Summary of proposals
In this contribution, we presented our views on increasing NPRACH capacity for supporting early data transmission. We made the following observations and proposals:
Observation 1: The introduction of early data transmission will very likely require increasing NPRACH capacity.
Proposal 1: Study the introduction of frequency shift of k*0.75 kHz for NPRACH to increase the capacity.
Proposal 2: Introducing OCC over symbol groups can be considered also for increasing NPRACH capacity.
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