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On indication of CC5 for uplink EC TBF
1. introduction

A  WI on radio interface enhancements for EC-GSM-IoT has been started for Rel-14 [1]. One of the objectives is to introduce a new uplink coverage class which can provide minimum 3 dB improvement in MCL on uplink compared to existing coverage classes.

One of the open items is the link layer aspect related to CC5 support [2] in order to identify the mechanism for the base station to obtain knowledge about the CC5 capability of the MS during the start of an uplink EC TBF so that the base station may change the uplink coverage class to CC5 for further transmissions if required. It is noted that in case of starting downlink EC TBF the CC5 capability of the MS is available at the BSS through the MSRAC IE.
In this contribution different solutions for the above open item are analysed and a solution is proposed for further specification work.

This is updated version of the same document presented in Telco#2. Section 3 is modified as per the comments received for this solution in Telco#3. The updates are marked in blue color. This document is revision of earlier version R6-170206. The changes are marked in red color.
2. current status

At high level, following solutions are proposed in [2]:
1. A new length indicator is included in all RLC blocks belonging to the first FUA transmission indicating the CC5 capability of the MS.

2. The BSS queries the SGSN about the CC5 capability of the MS if it has a preference to change the coverage class for further transmissions via a new BSSGP interface message.

The first solution uses one of the unused length indicator value (105-126) of the RLC block to indicate the presence of the CC5 capability information. The length indicator in the RLC block is mainly used to delimit the upper layer PDUs within the block. Some values of unused length indicators are already used to send additional capability information such as multiple PLMNs as specified in TS 44.060. Some of the values of length indicators are proposed to be used for positioning enhancements to report MS sync accuracy information and cell identity information in Rel-14. This solution proposes to use the next available length indicator value followed by one octet to indicate the CC5 capability information.
The use of the length indicator for marking the boundary between LLC PDUs is provided in the Figure 1.
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Figure 1: RLC Data block with Length Indicator to indicate higher layer PDU delimitation.
With the proposed solution, the length indicator value 121 is proposed to be used to indicate the CC5 capability information. The proposed solution is given in Figure 2.
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Figure 2: RLC Data block with Length Indicator to indicate CC5 capability followed by length indicator for LLC PDU.
A length indicator of value 121 indicates the following byte to the length indicator as Higher Coverage class Support (HCS) octet. The last bit of next octet indicates the CC5 capability.

The second solution introduces a new signaling procedure between BSS and SGSN to query the CC5 capability of the MS. This signaling procedure is required only when there is need to change the coverage class beyond CC4 based on uplink receive levels /interference or the uplink performance in terms of BEP /SINR estimation at the base station. This solution requires new a signalling procedure between BSS and SGSN to obtain the MS capability information. This solution has thus the drawback of increased CN signaling load compared to the Rel-13 network. 
3. aLTERNATIVE solution

Another solution which was not discussed as part of [2] is to reuse existing parameters of the RLC/MAC header to indicate the CC5 capability. The coverage class adaptation to CC5 is expected to be needed for an MS which started with coverage class higher than CC1. Because the abrupt change of coverage condition from CC1 to CC5 from the time of TBF establishment to its subsequent FUA transmission is rather unlikely to occur. Based on these assumptions, the CPS parameter of the RLC/MAC header can be used in this case to indicate the CC5 capability when the EC TBF is using a higher coverage class. Hence since CC4 is mandatory for the BSS to support on uplink, coverage adaptation from CC1 to CC5 will always pass through CC4. The encoding of the CPS field, used in Rel-13, is depicted in Table 1 below. 
Table 1: CPS field for Header type 3 in EC TBF (uplink CC1 in Rel-14).
	bits
3 2 1
	CPS

	0 0 0
	MCS-4/P1 

	0 0 1
	MCS-4/P2 

	0 1 0
	MCS-3/P1 

	0 1 1
	MCS-3/P2 

	1 0 0
	MCS-3/P1 with padding

	1 0 1
	MCS-3/P2 with padding

	1 1 0
	MCS-2/P1 

	1 1 1
	MCS-1/P1 


This encoding is irrelevant for higher coverage classes, since only MCS-1/P1 with code point '111' is used. Hence the CPS encoding is proposed to be used in Rel-14 for CC1 in UL only. 
In case of higher CC's, the CPS field is proposed to be redefined as given in Table 2 below to indicate the support of CC5 by means of one additional code point for Higher Coverage Class Support (HCS).
Table 2: HCS field for Header type 3 in EC TBF for (higher uplink CC's in Rel-14).
	bits
3 2 1
	HCS

	0  0  0 
	reserved

	…
	…

	1  0  1
	reserved

	1  1  0
	MCS-1/P1, CC5 is supported

	1  1  1
	MCS-1/P1, CC5 is not supported


MS which is not capable of CC5 in Rel-14 and also Rel-13 MS will use only the code point 111 of HCS. MS capable of CC5 will set HCS field to 1 1 0 to indicate its support for CC5.
4. comparision

Table 3 below compares the different solution candidates in terms of different criteria.
Table 3: Comparison of benefits and drawbacks for the 3 depicted solutions.
	
	Solution 1

New LI in the RLC Block
	Solution 2

Query to SGSN
	Solution 3

Modified CPS encoding

	Specification impact
	High
	High
	Low

	Complexity of solution 
	High
	Low
	Low

	Future signalling enhancements possible
	Yes
	No
	Yes

	CN impact
	No
	Yes
	No


As per the above comparison, solution 3 is simpler compared to both other solutions. Moreover the coverage class based interpretation of parameters is already used in EC PACKET CHANNEL REQUEST messages where the DLCC field is interpreted as signal strength or downlink coverage class depending on the  uplink coverage class. The following working assumption is thus proposed:
Working assumption: The solution proposed in section 3 shall be considered for further specification work for indicating the CC5 capability of Rel-14 MS. 
Note: This working assumption was agreed in Telco#3 for EC-GSM Radio Interface Enhancements for further specification work related to CC5 capability indication.
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