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1. Introduction
The LTE release 15 efeMTC (Machine Terminated Communications) Work Item Description (WID) [1] includes an objective to specify “Early Data Transmission” (EDT) mechanisms:

· Support early data transmission 

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.

Some EDT proposals have already been submitted which are analyzed within but the main two issues to be solved for EDT are:
1. How does the eNB know when a UE is requesting EDT or a normal RRC request?

2. How does eNB know what size of Msg3 EDT allocation to make (i.e. how many bits does the UE want to send)?

The proposal aims to solve these two fundamental problems.

2. Alternate Solutions
Two EDT solutions were presented in [2]:

PRACH Partitioning: A reserved range of PRACH preambles is allocated which is then used by the UE when it is requesting an EDT. To support all coverage levels, 4 new PRACH ranges would need to be allocated, one for each PRACH level.

Issue: The drawback of this option is that all this PRACH partitioning will lead to a loss in PRACH capacity due to trunking loss. 

Two Grants: The eNB always transmits two grants (i.e. RARs). The first grant follows the Release 13 format (no EDT) while the second grant allows for the transmission of a larger TBS including data in Msg3 to support EDT. A device capable of early data transmission and wanting to do an EDT will use the second grant supporting a larger TBS for Msg3 to also include UL data. 

Issues: 

· The eNB needs to send twice as many grants (i.e. RARs) which uses DL resources.

· The eNB needs to blindly detect if Msg3 is transmitted in accordance to the first or second grant. 

· The UL resources for a larger Msg3 always need to be allocated – even though legacy UEs and UEs doing normal transmissions will never use it resulting in a wasted UL resources.
Observation 1: Using PRACH Partitioning or sending two grants (RARs) reduces system capacity and increases eNB complexity.

3. Proposed solution: Expand PRACH Space via OCC

The proposed solution is to use PRACH partitioning but to expand the PRACH space in a backward compatible way so there is no capacity loss due to trunking efficiency loss.  The proposed method to expand the PRACH space is to use subframe based orthogonal cover codes (OCC).  A UE requesting EDT will choose a PRACH using an OCC so that the eNB can uniquely recognize the request as an EDT request.  Example: OCC of length 2 with PRACH repeats =2
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The above example using an OCC of length 2 has doubled the PRACH space. Given the OCC is based on 1 subframe, OCC based expansion can only be used when PRACH repeats are used.

Given that the new PRACH space is larger (e.g. 2X), the new OCC PRACH space can likely be further divided so that the UE can also indicate the size of the UL packet by choosing specific PRACH’s.  
Observation 2: The PRACH space can be expanded in a backward compatible way by using subframe based orthogonal cover codes.

This proposal only works with PRACH Repeats: As mentioned, this technique only works when PRACH’s are repeated but looking at the tables below (from [2]) battery life and latency problems occur mostly at high MCL when PRACH repetition is used anyway. 

	Coupling loss [dB]
	Latency 

	144 
	0.2 s

	154
	0.6 s

	164
	8.5 s


	Reporting interval 
	DL Packet size 
	UL Packet size 
	Battery life [Years]

	
	
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	24 hours
	20 bytes
	200 bytes
	36.2
	29.9
	8.8


For UEs in good coverage, if one additional PRACH repeats is used, this would still save capacity, battery life and latency.

Observation 3: The OCC technique is only possible with repeated PRACH transmissions, but EDT is most beneficial in lower coverage levels when PRACH repetition is available. 
Topics for further Study: 

Increased number of eNB Hypotheses: All methods that increase the PRACH capacity/space (including legacy methods e.g. time/frequency expansion) will increase the number of eNB hypotheses which increases eNB complex and increases the false alarm rate. The OCC expansion method will likely not increase false alarms beyond legacy methods, however this should be confirmed by LLS.  An additional point is that, a false alarm would only cause an erroneous RAR (random Access Response) and the corresponding UL Msg3 resources to be allocated and given false alarms would happen rarely (i.e. <0.1%), the extra resources due to false alarms is much less than the Two Grant solution. Since the increase in false alarms will be proportional to the increase in the PRACH space expansion, the eNB can manage this trade-off with PRACH capacity.
High Mobility: Orthogonality is maintained when the mobile channel is not changing quickly so this method may not be suitable for high speed scenarios but as mentioned above, EDT is most usefully in high MCL conditions where high mobility is unlikely and not really supported. The use of subframe length OCC has been studied by RAN1 in the past (Rel 13) and again in Rel 15 as a technique for UL spectral efficiency for the PUSCH so the concept and many of these aspects apply here to the PRACH but RAN1 should still study the effects of mobility on orthogonality.

Proposal: 

· Concluded that it is beneficial to expand the PRACH space to allow for more efficient EDT transmissions 

· Investigate backward compatible methods, such as subframe based OCC, to expand the PRACH space.

4. Conclusions
Observation 1: Using PRACH Partitioning or sending two grants (RARs) reduces system capacity and increases eNB complexity.

Observation 2: The PRACH space can be expanded in a backward compatible way by using subframe based orthogonal cover codes.

Observation 3: The OCC technique is only possible with repeated PRACH transmissions, but EDT is most beneficial in lower coverage levels when PRACH repetition is available. 

Proposal: 

· Concluded that it is beneficial to expand the PRACH space to allow for more efficient EDT transmissions
·  Investigate backward compatible methods, such as subframe based OCC, to expand the PRACH space
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