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1      Introduction

RAN1’s latest response LS [1] asks RAN2 to take into consideration their agreements on the restriction of the TBS.
“For Category 0 UEs:

· For broadcast traffic, there is no explicit restriction on the resource allocation size (number of PRBs).
· For unicast traffic, there is implicit restriction on the resource allocation size (number of PRBs) due to the max TBS limitation (1000 bits). Note: the 1000-bit limitation also applies to PUSCH”

This contribution addresses the crucial aspects related to the need to differentiate low complexity category of UEs before exchanging its radio capabilities and to restrict the buffer status report, targeting on getting RAN2 to close on RAN2#85bis working assumptions. In addition, other open aspects of functionalities that might be impacted as well such as current barring methodology and handover are discussed to aid in finalizing the specification of this new UE category. 
2      Discussion

2.1     Differentiation upon msg.2 and paging
In the LS sent to RAN1 [3], RAN2 captured the agreed working assumption as indicated below, and also asked them to clarify why the network needs to recognize cat.0 UEs before UE radio capabilities are shared using legacy procedure. 

“The UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5 therefore It is only a part of the normal UE capabilities. This would mean that either the MME would provide the capability of the UE to the eNB over S1 interface or the eNB would ask the UE to provide its capability within UECapabilityEnquiry message after Msg 5.”
The LS response from RAN1 [1] indicates that RAN1 is still discussing this issue and also refers to a given company’s results showing that eNB could increase RAR and paging capacity by knowing beforehand if a UE is category 0.
“It was shown by one company that if eNB knows a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR, it helps increase random access response capacity. However, RAN1 has not concluded the study on whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR. RAN1 will further discuss it in RAN1#77 and will inform RAN1’s updates on this issue, if any, to RAN2 accordingly.”
Our understanding is that the network should schedule system information, paging and random access responses targeting to reach the lowest UE category supported while assuring certain success rate. This could be mean that the eNBs supporting category 0 UEs, characterized by having a single receive antenna, will have to always use lower coding rates. However eNB decision to select certain coding rate might also depend on other factors such as the expected number of category 0 UEs or their expected load based on their activity characteristics. In addition, for the system information, the eNB might not need to use as low coding rate because if it is needed, the category 0 UE could still accumulate multiple SIBs retransmissions to successfully decode it. On the other hand, eNB implementation could also take different approaches to select the coding rates as it is outlined below; assuming an eNB that allows the access of category 0 UE without being able to differentiate those UEs before getting their UE radio capabilities:

a. Lower coding rate approach: the eNB could schedule the messages with lower coding rate to always assure that category 0 UE has the same coverage and success rate as any legacy UE. This approach could increase the resource utilization and might not be optimum e.g. if the number of category 0 UEs accessing the network is much less than the number of legacy UEs. Additionally, some category 0 UEs might be able to handle higher delays and failure rates, thus eNB might not need to use much lower coding rate than legacy system.
b. Legacy coding rate approach: the eNB could keep legacy scheduler rules with the understanding that those category 0 UEs located in areas of poor signal reception might take longer times to connect or receive paging. This approach might be still valid depending on the characteristics of those category 0 UEs as explained above.

c. Hybrid approach: the eNB could adopt a mix of alternative a and b above, in which eNB schedules those channels with lower coding rate every certain time depending on the number of category 0 UEs that are supported, their activity characteristics and the success rate that needs to be guaranteed.

All these alternatives describe potential eNB implementation mechanisms to balance the usage of resource and the desired UE success rate without having to impact current specification, therefore from RAN2 point of view, we could conclude that there is no need identified to differentiate UE category 0 upon RAR or paging.
Observation 1: eNB implementation could already balance the resources utilization vs the chosen coding rate to assure certain success rate for category 0 UEs without further changing legacy specifications.
Proposal 1: RAN2 to agree that it is not necessary to differentiate low complexity/category 0 UEs before getting the UE radio capabilities or for paging.
2.2     Buffer Status Report
In the LS sent to RAN1 [3], RAN2 asked them to clarify whether the TBS restriction size of unicast traffic also applies for UL; in their response [1], RAN1 clarifies that “1000-bit limitation also applies to PUSCH”. In RAN2#85bis, the following working assumption was also captured:

“If the 1000 bit restriction applies also to UL: A low complexity UE supporting only 1000 bit UL TBS shall restrict its BSR to less than 1000 bit until having provided the UE capabilities to the eNB or having received the first RRCConnectionReconfiguration so that the NW can restrict all UL grants accordingly”
Specification [4] indicates that the buffer status report (BSR) shall indicate all data available in the RLC and PDCP without including the headers as per the definition of buffer size:
“Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of the RLC and MAC headers are not considered in the buffer size computation.”

Therefore RAN2 still needs to discuss how to restrict the BSR until eNB gets the UE capabilities information. It is important to remark that this BSR restriction should not be applied after the eNB recognize the UE as category 0. The motivation is that if a UE has more than 1000bits in its buffer waiting to be transmitted, it would be helpful information to know in advance for the eNB to predict the load and allocate future resource even though UE can only get allocations to send 1000 bits per TTI.
Observation 2: For category 0 UE, BSR restriction is necessary until eNB knows the UE radio capabilities. After exchanging the UE capabilities, it is better to lift the BSR restriction.
Proposal 2: RAN2 to agree that for a category 0 UE, it should be ensured that an UL grant is always smaller or equal to 1000bits (independent of the reported BSR).
As per observation 2 and proposal 2, until an eNB gets to know the UE category, a category 0 UE has to restrict the size of their BSR to assure that the eNB does not allocate UL grants greater than 1000 bits. The reported buffer size value will not account for the MAC and RLC headers as well as future BSR and RLC status PDU that could be sent with the buffered data. In addition, UE reports BSR by selecting the index [4] that represents a range that satisfies the UE buffer size value. The eNB uses that range to allocate the UL grant, understanding that if UE has less bits, it could always fill the assigned resources using padding. This aspect might not be the case for category 0 UE as their processing capabilities might be limited to reduce cost. For example, based on signaling study done in [5], it can be assumed the following expected overhead of 8bytes (64bits) due to 2bytes of RLC headers, 1byte of MAC headers, 2bytes of short BSR and 3bytes of RLC status PDU; thus the buffer size should indicate a maximum of 936bits (117bytes). While establishing the RRC connection, the short BSR is used; therefore the index 16 and 17 represent buffer status (BS) ranges of 91bytes < BS <= 107bytes and 107bytes < BS <= 125bytes accordingly. Taking the 8 potential bytes of overhead, the UE should report an index value up to 16 to avoid that UL grant is greater than 1000bits when the eNB does not know that this UE is category 0. 
Proposal 3: RAN2 to agree that until eNB gets UE capabilities, category 0 UEs should report a maximum buffer status size that is smaller than 1000bits in order to account for the expected overhead (such as RLC header, MAC header, BSR and RLC status PDU). 

Proposal 4: RAN2 to discuss how much smaller than 1000bits the maximum buffer status size should be in order to ensure a very low likelihood that the eNB will give an UL grant of greater than 1000bits.
In the eNB side, legacy specification does not restrict how eNB allocates UL grant. In theory this would be based on the reported BSR however the eNB could allocate more resources. If that is the case, UE needs to add padding to fill all the assigned resources. In the case of category 0 UEs, this might not be possible, therefore we propose two approaches:
1. UL grant is not restricted: eNB is not restricted on the UL grant sizes, however if an eNB allocates more resources than a UE requested, the category 0 UE will not be able to use this allocation. This approach trusts eNB internal implementation. If an eNB allocates greater grants than 1000bits then at best, this will results in a waste of radio resources as the UE would not be able to use UL grants. At worst, if the eNB consistently behaves in this way, it could prevent a category 0 UE from being able to access the cell. 
2. UL grant is restricted: specification mandates that the maximum size allowed for the UL grants is restricted to 1000bits if the eNB receives a BSR smaller than 1000bits, while an eNB does not know the UE category or for a low complexity / category 0 UEs.
Proposal 5: RAN2 to discuss whether, while the eNB does not know the UE category, the maximum size of any UL grants should be restricted based on the reported BSR or it is up to eNB implementation.
2.3     Barring mechanism
RAN2 agreed that category 0 UEs can only access those cells that indicate that their access is allowed: 
“A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed.”

“LC-MTC UE considers the cell incapable of supporting LC-MTC as barred cell and should not camp on it. (Can discuss whether any of the existing barring mechanism requires further modification)”
As an example the support indication of low complexity or category 0 UEs can be defined as an optional boolean IE within the “nonCriticalExtension” for v12 as follows.

CellSupport-Category0
BOOLEAN 
OPTIONAL
-- Need OP

If it is set to TRUE, category 0 UE is allowed to camp in the cell; otherwise the category 0 UE considers the cell as barred. 

As per [6] for a non-CSG cell a UE only excludes a barred cell as a candidate for cell selection/reselection for 300sec. Use cases described for low complexity UEs [7] show that these kind of devices might be located in fixed location most of their life (such as smart meters), in addition, large number of those UEs might also be located in areas with poor signal conditions. Therefore, depending on network deployment there might be cases in which a UE camping on an eNB_A that supports cat. 0 UEs triggers every 300sec measurements for cell reselection and potentially reading of SIB1, to the same eNB_B that does not support cat. 0 UEs. Certain enhancement might need to be defined to optimize this kind of behaviour targeting to reduce UE power consumption such as avoiding consistent cell reselection to the same cell in case of stationary category 0 UEs. 

Proposal 6: RAN2 to agree to enhance legacy cell reselection mechanism for category 0 UEs.
2.4     Handover
In addition to the idle mode mobility issues as described in section 2.3 there are also mobility issues in connected mode for the new category 0 UEs. RAN2 needs to discuss whether current handover mechanism has to be enhanced to avoid handover to a TeNB that does not support category 0 UEs. Without such enhancements the SeNB may attempt to handover many cat.0 UEs to cells which do not support them. These handovers will fail and the eNB will not be able to detect the cause for such handover failures. Different approaches to address this issue are described below:
Option a) Pre-configured information: SeNB is pre-configured with the information about which neighbouring cells support cat.0 UEs. This information is shared with all neighbouring cells, e.g. either though O&M configuration. This option has no standardization impact, however it is static and adds planning complexity and OAM burden. 
Option b) Exchanged configuration: SeNB has knowledge before the handover about which TeNBs support cat.0 UEs. This information may be exchanged through S1AP or X2AP messages, e.g. during X2 initialization. This option provides more flexibility and re-uses existing procedures. 
Option c) Queried configuration: before SeNB initiates a potential handover, it first queries TeNB if it supports cat.0 UEs. This alternative adds two new X2 messages on top of existing handover mechanism.
Option d) Selective measurement report: UE only reports measurements from TeNBs that support cat. 0 UEs. This option assumes that UE knows in advance the frequencies that support cat.0 UEs or UE has to decode SIB1 of TeNB during measurement process; either way it adds complexity to networks or UEs.
Option e) Explicit indication during handover: a new cat.0 support indication and confirmation are defined within S1AP and X2AP handover preparation messages sent between SeNB and TeNB. According to this option TeNB has to explicitly accept cat. 0 UEs in order for the SeNB to continue with the handover process. This option increases network signalling overhead and handover delay for cases when TeNB does not support cat. 0 UEs.
Unless we envision that eNB support for cat.0 UEs would change very frequently, there is no benefit in dynamic options (c, d and e) which also add network/UE complexity and overhead. Therefore, we prefer either option a or b. 
Proposal 7: RAN2 to agree that SeNB should know about TeNBs supporting category 0 UEs through pre-configured or exchanged information (option a or b). If so, send an LS to RAN3 informing of the agreement and asking them to further proceed in corresponding specification.
3      Conclusions and proposals
In this contribution, we discuss the open aspects regarding the new low complexity UE category for MTC operations; the summary observations and proposals are listed below:
Observation 1: eNB implementation could already balance the resources utilization vs the chosen coding rate to assure certain success rate for category 0 UEs without further changing legacy specifications.
Observation 2: For category 0 UE, BSR restriction is necessary until eNB knows the UE radio capabilities. After exchanging the UE capabilities, it is better to lift the BSR restriction.
Proposal 1: RAN2 to agree that it is not necessary to differentiate low complexity/category 0 UEs before getting the UE radio capabilities or for paging.
Proposal 2: RAN2 to agree that for a category 0 UE, it should be ensured that an UL grant is always smaller or equal to 1000bits (independent of the reported BSR).
Proposal 3: RAN2 to agree that until eNB gets UE capabilities, category 0 UEs should report a maximum buffer status size that is smaller than 1000bits in order to account for the expected overhead (such as RLC header, MAC header, BSR and RLC status PDU). 

Proposal 4: RAN2 to discuss how much smaller than 1000bits the maximum buffer status size should be in order to ensure a very low likelihood that the eNB will give an UL grant of greater than 1000bits.
Proposal 5: RAN2 to discuss whether, while the eNB does not know the UE category, the maximum size of any UL grants should be restricted based on the reported BSR or it is up to eNB implementation.

Proposal 6: RAN2 to agree to enhance legacy cell reselection mechanism for category 0 UEs.
Proposal 7: RAN2 to agree that SeNB should know about TeNBs supporting category 0 UEs through pre-configured or exchanged information (option a or b). If so, send an LS to RAN3 informing of the agreement and asking them to further proceed in corresponding specification.
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