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Introduction
This contribution discusses reconfiguration between CE mode A/B and “normal” mode for non-BL UEs supporting CE (i.e. Cat-0 and higher).
[bookmark: _GoBack]In offline discussion between companies, the question was raised whether the current specification can support reconfiguration between CE mode A/B (i.e. reduced bandwidth operation) and “normal” mode (i.e. full bandwidth LTE operation) or if any specification changes are required. In the discussion that followed two potential issues were identified which are analysed in this paper:
- How can we ensure the UE has all the necessary System Information (SI) required in the new mode?
- Is MAC reset (i.e. handover) required during the reconfiguration to handle the switch between asynchronous and synchronous UL HARQ?
[bookmark: _Ref178064866]Discussion
A UE in connected mode that moves out of the “normal” coverage region into the enhanced coverage region (or vice versa) must be re-configured from normal mode to CE mode A/B if the session is to continue.


Provision of SI for the new mode
In order to operate in the new mode the UE needs to have the necessary system information, i.e. contents in MIB, SIB1 and SIB2. Since separate instances of SIB1 and SIB2 are used for normal and CE mode A/B, the UE needs to obtain the other mode’s SIB1 and SIB2 before the switch is performed. MIB however would not need to be obtained as the MIB instance is common for the normal and CE mode. There are two options for how the information in SIB1 and SIB2 can be provided to the UE:
a) The UE can acquire SIB1 and SIB2 by reading the broadcast transmissions for the other mode. This requires a change to the specification however as the UE is currently not required to keep up to date system information for CE mode A/B while it is in normal mode (or vice versa). It may also be difficult for a UE in enhanced coverage to read the normal mode broadcast transmissions as these may not be sent with sufficient repetition level.

b) The necessary information from SIB1 and SIB2 can be provided in radioResourceConfigCommon in mobilityControlInformation. The inclusion of mobilityControlInformation in the RRCConnectionReconfiguration message effectively means that an intra-cell handover is performed which in turn means that the UE has to perform random access.  The benefit of this option is that no specification changes are required but the downside is the increased message size and the longer interruption time due to random access.

From a specification standpoint option b is preferred as it does not require any new functionality. 

Note that option b works fine when switching from CE mode A/B to normal mode. For the opposite direction however, i.e. normal mode to CE mode A/B, there are some parameters in SIB1-BR (i.e. the CE mode A/B instance of SIB1) that are currently not provided in radioResourceConfigCommon. This includes the parameters:
· fdd-DownlinkOrTddSubframeBitmapBR
· fdd-DownlinkOrTddSubframeBitmapBR
· fdd-UplinkSubframeBitmapBR
· startSymbolBR
Although it would be possible to add the missing parameters to radioResourceConfigCommon, a simpler solution (which does not involve any specification changes) is to include the full SIB1-BR in the RRCConnectionReconfiguration message. The RRCConnectionReconfiguration message already contains the systemInformationBlockType1Dedicated field[footnoteRef:1]: [1:  The possibility to include SIB1 in the RRCConnectionReconfiguration message was introduded for Rel-11 FeICIC. See 36.300, section 16.1.5 (ICIC).] 

RRCConnectionReconfiguration-v1130-IEs ::= SEQUENCE {
	systemInformationBlockType1Dedicated-r11	OCTET STRING (CONTAINING SystemInformationBlockType1)																			OPTIONAL,	-- Need ON
	nonCriticalExtension				RRCConnectionReconfiguration-v1250-IEs	OPTIONAL
}

And this means that it is possible to include SIB1-BR because SIB1-BR is defined as:
SystemInformationBlockType1-BR-r13 ::=	SystemInformationBlockType1

Although the focus above is on the case where a non-BL UE is reconfigured while it remains in the same cell, the issue with the missing SIB1-BR parameters also applies for inter-cell handover of a BL/non-BL UE to a target cell operating in CE mode A/B, i.e. cases 1,3, and 4 in the table below.
	Case
	Source cell
	Target cell

	1
	Any UE in CE mode B
	Any UE in CE mode A

	2
	Non-BL UE in CE mode A/B
	Non-BL UE in normal mode

	3
	Any UE in CE mode A
	Any UE in CE mode B

	4
	Non-BL UE in CE normal mode
	Non-BL UE in CE mode A/B



In [2] and [3] we propose an update to TS 36.331 to clarify that SIB1-BR can be provided in the RRCConnectionReconfiguration message at handover to a target cell in CE mode A/B.
Switching between synchronous and asynchronous UL HARQ
Another issue with moving from normal mode to CE mode A/B (or vice versa) is the switch between synchronous and asynchronous UL HARQ. Switching from asynchronous to synchronous UL HARQ is particularly problematic as in this case the HARQ processes may immediately begin to generate re-transmissions if its buffer is non-empty. This causes several issues: 
· The non-adaptive re-transmission will be based on the initial UL grant but it is not clear how an UL grant received in CE mode A/B can be applied in normal mode. 
· In synchronous HARQ each subframe is assocated to a certain HARQ process but the mapping is left to UE implementation and not defined in the specification. So when the UE generates a non-adaptive re-transmission the eNB cannot determine which HARQ process the transmission corresponds to. 
· Even if we solve the first two issues there is an uncertainty at what time the new configuration is applied by the UE. If the eNB tries to soft-combine the UL re-transmissions there is risk that it only processes noise if the UE has not yet applied the new configuration.
· In non-CE mode the HARQ feedback is sent on PHICH and the time-frequency location of this transmission is derived from the time-frequency location of the original UL grant. But in this case it is unclear how this derivation would be done since the original UL grant was sent when the UE was in CE mode, i.e. on MPDCCH and not on PDCCH.  This means that the eNB may not be able to provide HARQ feedback for a non-adaptive re-transmission.

The easiest way of solving this is to reset MAC as this causes all UL HARQ buffers to be flushed. Resetting MAC also resets e.g. state variables which otherwise may cause issues. The downside is that the reset also clears the Timing Advance (TA) which forces the UE to perform a new random access.  (This is the reason why MAC reset is performed at handover but not at RRC re-configuration).
One way to avoid the random access would be to introduce a “partial” MAC reset which works in the same way as the normal HARQ reset except that it does not clear the TA.  It is questionable though if this is the worth the effort considering that CE to non-CE may not be a very common operation. And as mentioned above an intra-cell handover (which involves a MAC reset) is anyway the easiest way to provide the UE with the required SI.
The intra-cell handover used for the reconfiguration could potentially be optimized by applying the RACH-less handover feature introduced in Rel-14 FeMOB [1]. With RACH-less handover we still have MAC reset and we can provide the UE with the required SI, but we avoid the random access. Whether this is feasible or not requires further study however.

Conclusion
In this contribution we discussed reconfiguration between CE mode A/B and “normal” coverage for non-BL UEs supporting CE (i.e. Cat-1 and higher). In section 2 we made the following observations:
[bookmark: _Toc473740940][bookmark: _Toc473742833]Intra-cell handover can be used to reconfigure the UE from normal mode to CE mode A/B (or vice versa).
The SI required by the UE in the new mode can be provided in radioResourceConfigCommon in mobilityControlInformation.
When switching from normal mode to CE mode A/B, the RRCConnectionReconfiguration message needs to include SIB1-BR to convey a few parameters (e.g. fdd-DownlinkOrTddSubframeBitmapBR) not present in radioResourceConfigCommon.
[bookmark: _Toc473740933][bookmark: _Toc473741793][bookmark: _Toc473742834]MAC reset is required when switching from asynchronous to synchronous UL HARQ (and vice versa).
[bookmark: _Toc473741794][bookmark: _Toc473742835]RACH-less handover introduced in Rel-14 eMOB can potentially be used to avoid the  random access procedure when switching from normal mode to CE mode A/B (and vice versa).
Based on the discussion in section 2 we make the following proposal:
Update TS 36.331 to clarify that SIB1-BR can be included in the RRCConnectionReconfiguration message at handover to a target cell in CE mode A/B.
See also the accompanying CRs ([2],  [3])  for proposed changes to TS 36.331.
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