3GPP TSG GERAN#67
GP-150901                                          
Yinchuan, PR China
Agenda Item: 7.2.5.3.4.5
10th – 14th August, 2015
Source: Neul Ltd., Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd.

pCR 45.820 NB CIoT - Link Layer:  Examples of Message Flows (Updates of GP-150748)
1.
Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

At GERAN2 AdHoc#3 on FS_IOT_LC, the Link Layer procedures for the Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions were introduced in TR45.820 [2]. 
This document provides a text proposal for examples of message flows illustrating basic data transfer scenario, see [3], for the Narrowband Cellular IoT candidate solution (NB-CIoT).

2.
Proposed text for the TR
7.3.4
 Link layer aspects
	First change


7.3.4.9
Examples of message flows
7.3.4.9.1
General

This clause provides examples of message flows related to basic data transfer scenario, with the purpose to illustrate how the procedures available at the link layer are used to support data transmission. 

The examples are based on a Gb architecture, however the same principles apply to a S1 architecture.
7.3.4.9.2
Uplink data followed by downlink data
Figure 7.3.4.9-1 illustrates, for example, a mobile autonomous reporting with a downlink application ack.
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Figure 7.3.4.9-1: Example of uplink data followed by downlink data 
Steps 1 - 5 illustrate the Random Access procedure with random number described in subclause 7.3.4.5 and the uplink data transfer procedure described in subclause 7.3.4.6.
-
1. The MS determines its PDCCH coverage class, selects a RACH resource and performs a random access procedure indicating the size of the UL data in the Buffer Status Report (BSR) and the selected PDCCH coverage class.

-
2. The base station allocates an uplink resource on PUSCH and sends an Uplink Assignment message on the PDCCH channel associated with the MS’s coverage class. The base station also assigns a C-RNTI to the MS.

-
3. The size of the uplink allocation is large enough to include the data available in the MS. The MS sends a MAC PDU on PUSCH, including the data, the MS identity (TLLI or S-TMSI), the sequence number (MS VS=0) and an indication that there is no more data pending (last=true).

-
4. The base station stores the MS identity together with the assigned C-RNTI and sends a Uplink Acknowledgement message on the PDCCH, confirming the MS identity (TLLI/S-TMSI and C-RNTI) and the  successful reception of the UL data ( BS VR =1) . 

-
5. The MS receives the Uplink Acknowledgement message on PDCCH, verifies the identity included in the message and concludes that the contention resolution is successful. It checks the confirmation of the successful uplink transmission (BS VR=1) and enters the Reduced PDCCH Reception (RPR) mode.

Steps 6 - 11 illustrate the Reduced PDCCH Reception (RPR) mode and the downlink data transfer procedure described in subclause 7.3.4.6.
-
The MS monitors periodically the PDCCH at the time corresponding to its anchor PDCCHs.

-
6. The base station receives downlink data for the MS. It waits until the time of the MS anchor PDCCH, allocates a downlink resource on PDSCH and sends a Downlink Assignment message on PDCCH, including the MS C-RNTI and the downlink sequence number (BS VS =0). 

-
7. The MS listens to the PDCCH at its anchor PDCCH and receives the Downlink Assignment message. It recognises its identity (C-RNTI), exits the Reduced PDCCH Reception (RPR) mode and receives the MAC PDU on the PDSCH resource indicated in the allocation. 

-
8. The base station allocates an uplink resource on PUSCH for the MS to provide the feedback of the downlink transmission. It sends an Uplink Assignment message on the PDCCH including the MS C-RNTI and the uplink sequence number of the MAC PDU for the MS to transmit (BS VR=1). 

-
9. The MS sends a MAC PDU on PUSCH, including the downlink transmission feedback (MS VR=1), the uplink sequence number (MS VS =1) and an indication that there is no more data pending (last=true).

NOTE: the Uplink Assignment message can be sent in the same PDCCH as the Downlink Assignment message; they are shown separately to show the logic of the sequence.

-
10. The base station sends an Uplink Acknowledgement message on the PDCCH, confirming the successful reception of the MAC PDU (BS VR =0). 

-
11. The MS checks the confirmation of the successful uplink transmission (BS VR =0) and enters the Reduced PDCCH Reception (RPR) mode.

Steps 12-13 illustrate the release of the C-RNTI and the transition to idle mode as described in subclauses  7.3.4.6.1 and 7.1.4.6.1. 

7.3.4.9.3
Downlink data followed by uplink data
Figure 7.3.4.9-2 illustrates, for example, a network command with an uplink application ack.
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Figure 7.3.4.9-2: Example of downlink data followed by uplink data 
Step 0 illustrates the paging procedure described in subclause 7.3.4.7. 

-
The MS is in idle mode and monitors its PDCCH own group according to its DRX cycle and IMSI. 

-
The base station receives a paging request for the MS. It calculates the next paging opportunity for the MS based on the DRX cycle and IMSI and sends the Paging message on the PDCCH associated to the indicated coverage class.  


The MS receives the Paging message on PDCCH and recognises its identity (P-TMSI/S-TMSI).  

Steps 1 - 5 correspond to the sending of the paging response from the MS. They are identical to steps 1-5 in subclause 7.3.4.9.2.
Steps 6 - 11 correspond to the transmission of the downlink data to the MS. They are identical to steps 6-11 in subclause 7.3.4.9.2.
Steps 12 - 16 illustrate the Random Access procedure with C-RNTI described in subclause 7.3.4.5, and how it can be used to request uplink allocation when the MS is in connected mode.
-
12: Data becomes available. The MS exits the Reduced PDCCH Reception (RPR) mode, selects a RACH resource and sends a Random Access Request message on PUSCH, including its C-RNTI and the size of the uplink data in the Buffer Status Report (BSR).

-
13: The base station allocates an uplink resource on PUSCH and sends an Uplink Assignment message on the PDCCH associated to the MS coverage class,  including the MS C-RNTI and the uplink sequence number of the MAC PDU for the MS to transmit (BS VR =1). 
-
14: The size of the uplink allocation is large enough to include the data available in the MS. The MS sends a MAC PDU on PUSCH, including the data, the sequence number (MS VS =1) and an indication that there is no more data pending (last=true).

-
15: The base station sends an Uplink Acknowledgement message on the PDCCH, confirming the successful reception of the MAC PDU (BS VR =0). 

-
16: The MS checks the confirmation of the successful uplink transmission (BS VR =0) and enters the Reduced PDCCH Reception (RPR) mode.

Steps 17- 18 are related to the release of the C-RNTI and the transition to idle mode. They are identical to steps 12-13 in subclause 7.3.4.9.2.

7.3.4.9.4
Multiple uplink data packets
Figure 7.3.4.9-3 illustrates a case where the MS sends multiple uplink data packets.
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Figure 7.3.4.9-3: Example of transmission of multiple uplink data packets 
Steps 1 - 4 illustrate the Random Access procedure with random number described in subclause 7.3.4.5 and the uplink data transfer procedure described in subclause 7.3.4.6. They are similar to steps 1-4 in subclause 7.3.4.9.2 except that only part of the data can be transmitted in the PUSCH allocation.
Steps 5-10 illustrate the uplink data transfer procedure described in subclause 7.3.4.6, how the base station provides further uplink resource and how the MS indicates new data arrival.
-
5: The base station allocates a new uplink resource on PUSCH for the remaining data, and sends an Uplink Assignment message on the PDCCH addressed to the C-RNTI. 

-
6: New data has become available. The size of the uplink allocation is only large enough to include the last segment of the first data packet. The MS sends a MAC PDU on PUSCH, including the last segment of the first data packet, the sequence number (MS VS =1), a new BSR and an indication that there is more data pending (last=false).

-
7: The base station allocates a new uplink resource on PUSCH and sends an Uplink Assignment message on the PDCCH, confirming the successful reception of the previous transmitted uplink MAC PDU (BS VR =0). 

-
8: The size of the uplink allocation is large enough to include the second data packet.  The MS sends a MAC PDU on PUSCH, including the data, the sequence number (MS VS =0) and an indication that there is no more data pending (last=true).

-
9: The base station sends an Uplink Acknowledgement message on the PDCCH, confirming the successful reception of the uplink MAC PDU (BS VR=1). 

-
10: The MS checks the confirmation of the successful uplink transmission (BS VR =1) and enters the Reduced PDCCH Reception (RPR) mode. 

7.3.4.9.5
Uplink data retransmission
Figure 7.3.4.9-4 illustrates the retransmission of an uplink MAC PDU.
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Figure 7.3.4.9-4: Example of uplink MAC PDU retransmission

-
The MS is in connected mode, Reduced PDCCH Reception (RPR) submode. 

-
1: Data becomes available. The MS exits the Reduced PDCCH Reception (RPR) mode, selects a RACH resource and sends a Random Access Request message on PUSCH, including its C-RNTI and the size of the uplink data in the Buffer Status Report (BSR).

-
2: The base station allocates an uplink resource on PUSCH and sends an Uplink Assignment message on the PDCCH associated to the MS coverage class,  including the MS C-RNTI and the uplink sequence number of the MAC PDU for the MS to transmit (BS VR =1). 
-
3: The MS sends a MAC PDU on PUSCH, including the data, the sequence number (MS VS =1) and an indication that there is no more data pending (last=true).

-
4: The base station fails to decode the uplink data, the BS allocates a new uplink resource on PUSCH and sends an Uplink Assignment message on the PDCCH requesting the retransmission  of the last transmitted uplink MAC PDU (BS VR =1). 

-
5: The MS sends a MAC PDU on PUSCH, including the same data, the sequence number (MS VS =1) and an indication that there is no more data pending (last=true).

NOTE1: 
The base station can use the same MCS/CBS for the new uplink resource allocation. In that case, the base station can combine the two uplink transmissions . 

NOTE2:
The base station could choose a more conservative MCS/CBS for the new uplink resource allocation. In that case, the MS may need to (re)segment the data. 
-
6: The base station sends an Uplink Acknowledgement message on the PDCCH, confirming the successful reception of the MAC PDU (BS VR=0). 

7.3.4.9.6
Downlink data retransmission
Figure 7.3.4.9-5 illustrates the retransmission of a downlink MAC PDU.
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Figure 7.3.4.9-5: Example of downlink data retransmission

-
The MS is in connected mode, Reduced PDCCH Reception (RPR) submode. 

-
1. The base station receives downlink data for the MS. It waits until the time of the MS anchor PDCCH, allocates a downlink resource on PDSCH and sends a Downlink Assignment message on the PDCCH channel associated to the MS coverage class, including the MS C-RNTI and the downlink sequence number (BS VS =0). 

The MS listens to the PDCCH at its anchor PDCCH and receives the Downlink Assignment message. It exits Reduced PDCCH Reception (RPR) mode. 

-
2. The base station allocates an uplink resource on PUSCH for the MS to provide the feedback of the downlink transmission. It sends an Uplink Assignment message on the PDCCH including the MS C-RNTI and the uplink sequence number of the MAC PDU for the MS to transmit (BS VR=0). 

-
3. The base station sends the downlink data on the allocated PDSCH resource. The MS fails to decode the downlink MAC PDU.  

-
4. The MS sends a MAC PDU on PUSCH, including the negative downlink transmission feedback (MS VR=0), the uplink sequence number (MS VS =0) and an indication that there is no data pending (last=true).

-
5. The base station receives the negative downlink transmission feedback, allocates a new downlink resource on PDSCH and sends a Downlink Assignment message on the PDCCH channel, including the same downlink sequence number (BS VS =0). 

-
6. The base station allocates a new uplink resource on PUSCH for the MS to provide the feedback of the downlink transmission. It sends an Uplink Assignment message on the PDCCH including the uplink sequence of the MAC PDU for the MS to transmit (BS VR =1).

-
7. The base station retransmits the downlink data on the allocated PDSCH resource. The MS decodes the downlink MAC PDU correctly.  

NOTE1: 
The base station can use the same MCS/CBS for the new downlink resource allocation. In that case, the MS can combine the two downlink transmissions . 
NOTE2:
The base station could choose a more conservative MCS/CBS for the new downlink resource allocation. In that case, the base station may need to (re)segment the data. 
-
8. The MS sends a MAC PDU on PUSCH, including the positive downlink transmission feedback (MS VR=1), the uplink sequence number (MS VS =1) and an indication that there is no data pending (last=true).
-
9. The base station sends an Uplink Acknowledgement message on the PDCCH, confirming the successful reception of the uplink MAC PDU (BS VR =0). 

	End of first change
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