3GPP TSG RAN WG1 Meeting #90bis	R1-1717724
Prague, Czech Republic, October 9-13, 2017

Agenda Item:	6.2.6.1.2
Source:	Huawei, HiSilicon
Title:	Early data transmission in RACH for NB-IoT
Document for:	Discussion and decision

Introduction
The WID of further NB-IoT enhancements [1], includes further latency and power consumption reduction as one set of objectives of the work item as follows:
A-1. Further latency and power consumption reduction
· 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 this contribution, we first illustrate some consideration of the higher layer aspects and then analyze UL early data transmission in Msg3 and give some open issues on DL early data transmission in Msg2/Msg4 from physical layer point of view.
Discussion
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Fig. 1 Small data transmission without transition to RRC_CONNECTED [2]
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Fig. 2 Large data transmission without transition to RRC_CONNECTED [2]

The main scenario considered in higher layers for early data in RACH is that a UE transmits/receives a NAS PDU without transition to RRC_CONNECTED mode so that the UE’s power consumption can be reduced.
As illustrated in Fig. 1, a control plane solution from high layers is to have a single small data packet transmission in Msg3/Msg4, thus removing the need for UE to transition to connected mode. If a single large DL/UL packet needs to be sent, or when the network decides not to allocate a large Msg3 for NAS PDU transmission, it can be transmitted immediately after contention resolution, as shown in Figure 2, still with no need for UE to transition to connected mode. Figure 2 can be seen as a fallback solution to early data transmission in Msg3/Msg4. 
In case of multiple large packets, i.e. a larger amount of application layer data needs to be transmitted, early data transmission in RACH is much less attractive from the power consumption reduction point of view. A RRC connection should be set up in this case as normal for these packet transmissions and then released as early as possible. 
Based on this information, some considerations regarding physical layer point of view on UL and DL early data transmission are discussed in the following sections.
1.1 UL early data transmission in Msg3
In legacy RACH, Msg3 conveys the random access procedure message e.g. UE-ID, RRC connection request, RRC connection resume request. In RAN#71, it was decided that the TBS of 64 bits and 80 bits are needed for RRCConnectionRequest and RRCConnectionResume respectively [3]. Thus, Msg3 TBS size is agreed in Rel-13 at 88 bits based on the supported MCS/TBS tables for NPUSCH. In Rel-15, if the NB-IoT UE wants to transmit a NAS PDU in Msg3, the current Msg3 size may not be enough. An example about the larger Msg3 under different NAS PDU sizes is given in Table 1.
Table 1: An example of new larger Msg3
	UDP header (bytes)
	8

	NAS header (bytes)
	12

	RRC header + MAC header (bytes)
	3

	NAS PDU size (bytes)
	25
	50
	100

	Total (bytes)
	48
	73
	123



Proposal 1: Specify new larger TBS values for Msg3 if UL early data transmission in RACH is supported. FFS what range of TBS values is appropriate.
If early data during RACH is introduced, it should be specified how the eNB knows whether a legacy UL grant or a larger UL grant for early data in Msg3 is requested from the UE sending the PRACH preamble. Generally, there are two considerations:
· Option 1: The eNB can always provide a legacy UL grant and a larger UL grant simultaneously and the UE can decide which one to use according to whether early data should be sent by Msg3. This would increase the payload size of Msg2 (RAR) and the detection effort and error of Msg3 would also be increased.
· Option 2: The UE can use some dedicated NPRACH resources to inform the eNB that early data needs to be sent in Msg3. Then, the eNB can decide whether a legacy UL grant or a larger UL grant is sent to the UE based on the detected NPRACH. Compared with option 1, the payload size of Msg2 would not be increased and the detection complexity is the same as usual. 
It is generally preferred that we do not introduce UE-autonomous behavior and that we do not reserve NPUSCH resources which may become very inefficiently used. Considering the impact on Msg2 size and Msg3 detection reliability, Option 2 is preferred.
Proposal 2: Reserve dedicated NPRACH resources to enable UE to inform the eNB that early data is available to be sent in Msg3.
It should be noted that even if a larger UL grant for Msg3 is requested by UE using the dedicated NPRACH resource, the network should have the flexibility to decide whether a legacy 88-bit grant for Msg3 or a larger grant that can carry early data is sent in Msg2. When a legacy grant is allocated for Msg3 transmission, the procedure in Figure 2 is used as fallback solution.
Proposal 3: The network has the flexibility to give a legacy grant or a larger grant for Msg3 in Msg2, and in case a legacy grant is given, large data transmission without transition to RRC_CONNECTED shown in Figure 2 is applied.
It should be pointed out that another potential solution could be the procedure in Figure 2 is always applied and the request of early data without RRC connection setup is informed in Msg3. By doing this, there is no need for reserved NPRACH resource to inform the eNB that early data in RACH without going to RRC_CONNECTED mode is requested by the UE. Whether this procedure in Figure 2 always applies needs to be determined by RAN2.
1.2 DL early data transmission in Msg2/Msg4
In legacy RACH, Msg2 carries the random access responses to a number of UEs that transmit preambles in the same time and frequency resources. When paging is received by a UE, there usually exists some DL data for the UE that can benefit from the early DL data transmission through Msg2. However, if data is transmitted in Msg2, the eNB cannot know whether the target UE successfully received it since the resource of the preamble sent by the target UE is unknown by the eNB and the preamble may even be missed by eNB. To resolve this issue, the UE should be able to confirm the reception of the early DL data after contention resolution is completed. In addition, since Msg2 is common to a number of UEs, those that are not interested in the early data may have to decode the early data transmission, resulting in large waste of UE power consumption. This should be carefully taken into consideration. Finally, security issues should be also considered if user data is transmitted in/following Msg2 (although this is a matter for RAN2/SA3).
Proposal 4: For early data transmission in Msg2, following aspects need to be studied:
· Security issues.
· How to ensure the target UE can confirm the reception of early data transmission in Msg2 after contention resolution completes;
· The impact on the power consumption of legacy UEs and UEs that are not the target for the early data transmission;

Msg4 is used to complete the contention resolution to indicate the UE that succeeded in the RACH procedure. If a larger size Msg4 is transmitted for carrying a NAS PDU, all UEs, including those that failed contention resolution would have to decode the large NPDSCH. This results in higher power consumption compared with Rel-13/14. This needs careful consideration in the design of early data transmission solutions.
Proposal 5: The negative impact on the power consumption and code rate of UEs including those that failed contention resolution should be studied when considering DL data transmission in Msg4.
Conclusion
In this paper, we give some initial considerations on early data transmission during the RACH procedure.
Proposal 1: Specify new larger TBS values for Msg3 if UL early data transmission in RACH is supported. FFS what range of TBS values is appropriate.
Proposal 2: Reserve dedicated NPRACH resources to enable UE to inform the eNB that early data is available to be sent in Msg3.
Proposal 3: The network has the flexibility to give a legacy grant or a larger grant for Msg3 in Msg2, and in case a legacy grant is given, large data transmission without transition to RRC_CONNECTED shown in Figure 2 is applied.
Proposal 4: For early data transmission in Msg2, following aspects need to be studied:
· Security issues.
· How to ensure the target UE can confirm the reception of early data transmission in Msg2 after contention resolution completes;
· The impact on the power consumption of legacy UEs and UEs that are not the target for the early data transmission;
Proposal 5: The negative impact on the power consumption and code rate of UEs including those that failed contention resolution should be studied when considering DL data transmission in Msg4.
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