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Introduction:
The aim of this paper is to describe the open issues regarding low complexity UEs which do not seem to have a consensus right now, but need to be resolved during this meeting. The sections below address each of those points to be discussed and agreed. 
1. Category number for low complexity UE
Based on the recent discussions it was shown that there is no technical difference if the new category will be named as CAT0 or CAT 11. Some of the companies prefer CAT 0 and some CAT 11. In case there is no agreement on CAT0 or CAT 11 there is a probably  a possibility to agree on a separate low complexity categories starting from 1.

Proposal 1: It is proposed to agree on the name of a new category for the low cost UEs.
2. Low complexity UE differentiation upon msg.2

RAN1 sent LS to RAN2 R1-142748 with the following information on the need to differentiate low complexity UE upon msg2.

“RAN1 has studied the impact from reducing the number of UE receive antennas from 2 to 1 on the reception performance for random access response (RAR) and paging (PCH) messages (as indicated in the LS to RAN2/RAN3 in R2-141879/R3-140996) and made the following observations:

· Single antenna UEs at the cell edge will experience a higher block error rate (BLER) for RAR and PCH compared to other UEs. To achieve the target cell edge BLER for single antenna UEs, for example, the eNB could apply a higher transmission power level or a smaller number of multiplexed messages per transmission for RAR/PCH transmissions intended for single antenna UEs. As an alternative, the eNB could treat all UEs as single antenna UEs with some impact to system performance.
· If single and dual antenna UEs use different PRACH resources, then the eNB would know whether the RAR message is intended for a single or dual antenna UE. The eNB could then adjust the RAR transmission power levels and/or amount of user multiplexing appropriately to achieve the target cell edge BLER for all UEs. However, there is no consensus that the benefit of this knowledge outweighs the risk of increased PRACH collision probability. Also, it should be noted that for a single antenna UE not in need of increased RAR transmission power there is no benefit from knowing the single antenna.
· Based on these observations, RAN1 concluded that the somewhat increased overhead from random access for cell edge single antenna UEs can probably be considered acceptable but that it would be beneficial to extend the paging request signalling in order to provide the eNB with knowledge that the paging request concerns a single antenna UE.”

Even it seems to be acceptable for RAN1 not to introduce any additional signalling into msg 1, some companies still think that there is some benefit that outweighs the risk of increased PRACH collision probability. Nevertheless RAN1 was not able to conclude on this due to the trade-off between increased random access collision probability and the potential benefit for only the low complexity UEs that are at cell edge. 
Some of the companies also believe that the NAS messages might exceed 1000 bit limitation and therefore an additional indication within msg. 1 might be needed. 
Proposal 2 : Agree based on the contributions to this meeting, if the indication of low complexity UE within msg. 1 is needed within Rel. 12, otherwise include the indication of low cost complexity UEs into msg. 5.

3. Impact on BSR and UL grant

The key points to consider regarding the potential impacts for low complexity UE on BSR and the UL grant are:

· Low complexity UEs are also limited to 1000 bits for UL channel (PUSCH).

· The buffer status report (BSR) shall indicate all amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built; this data shall include all data available for transmission in the RLC and PDCP layer without including the headers. 
· Upon reception of BSR, eNB is allowed to provide UL grant allocation of any size.

Discussion on potential approaches to provide UL grants feasible for low complexity UEs: 

1. Keep legacy eNB UL grant mechanism: There is no change on legacy eNB UL grant methodology. The challenge and potential problem is how to assure that eNB does not give UL grant allocations greater than 1000bits for low complexity UEs. Current specification leaves this up to eNB implementation, assuming that if a UE allocates greater UL grant than requested by the BSR, the UE could have the capability to still fill all the allocated resources by padding; however this might not be the case for low complexity UEs that could have less processing capabilities to reduce cost. 
2. eNB limits the UL grants for low complexity UEs: eNB always limits low complexity UE UL grants to 1000bits independent of the reported BSR. This minimal eNB change could benefit both the UE and eNB. It assures that low complexity UEs do not get UL grant allocations that cannot fill and also allows eNBs to better plan their future scheduling as if low complexity UEs have more than 1000bits of data waiting in their buffers, they could indicate it in a single BSR understanding that eNB will only allocate UL grants to send a maximum of 1000bits per TTI. 
Discussion on potential BSR impacts for low complexity UEs:
1. Limit reported BSR for low complexity UE. This approach considers that UE changes BSR implementation to limit its reported value independent of the data available on its buffers. This approach can have two flavours: 
a. All the time. Low complexity UE limits all its reported BSR even when eNB knows that this UE is low complexity.  This approach allows the eNB to only use BSR in order to estimate the UL grant although, as indicated, there is no guarantee either on how eNB selects the UL grant size and it might still be a risk that the UL grant cannot be filled by the low complexity UE. Additionally, in this approach, eNB does not know if a low complexity UE has more data waiting in its buffer; this could generate an increase on the number of BSRs that need to be sent and reduce the effectiveness of scheduling for future sub frames. 
b. Until UE capabilities are exchanged.  Low complexity UEs are not allowed to provide BSRs greater than 1000bits until the eNB gets to know the UE radio capabilities and can differentiate this UE category. This approach adds UE complexity and potential ambiguousness on how the UE knows when network can differentiate cat. 0 UEs.
2. Keep legacy UE BSR mechanism. In this approach, the eNB would have to limit any UL grants to 1000bits independent to the reported BSR. In order not to introduce impact to legacy UEs, it would be beneficial if eNB could differentiate this UEs earlier as proposed below.
a. Sent a low complexity UE indication upon msg.5 (RRC Conn. Setup Complete). Before msg.5, the eNB does not provide UL grant allocations greater than 1000 bits as only Preamble (msg.1), RRC Connection Request (msg.3) and RRC Connection Setup Complete(msg.5) needs to be sent in UL, however after msg.5 the BSR and UL grants could be greater, therefore simpler indication could be added in msg.5 for the eNB to distinguish cat. 0 UEs and therefore the BSR calculation would not need to get impacted.
Proposal 3: eNB should limit UL grants for low complexity UEs as soon as its category is known by the eNB. This proposal is depending on the agreed way forward for the proposal 1.

Proposal 4: UE BSR mechanism will not be changed.
4. Cell reselection

Latest RAN2 agreements in relation to cell reselection are as follow:

· A UE considers a cell that is incapable of supporting Cat. 0 as barred. 

· If intraFreqReselection of the cell is set to “not allowed”, the UE shall not re-select a cell on the same frequency as the barred cell. If intraFreqReselection of the cell is set to “allowed”, the UE may select another cell on the same frequency if re-selection criteria are fulfilled. (legacy behaviour)

· The Cat. 11 UE considers the cell to be barred for 300s (legacy behaviour)

Current cell reselection procedure can work without any change, however there is UE benefit to optimize legacy cell reselection mechanism to avoid UE efforts (such as measuring frequencies that do not support low complexity UEs) and reduce UE power consumption. 

There are following possibilities to proceed with the issue:
1. Do nothing

· Within this option no changes would be introduced to the reselection procedure compared with Macro cells, but of course the drawbacks would remain

2. Blacklist:

· The black list could be done cell based. In this case the UE will not attempt to reselect to the cells broadcasting such a flag, but it would require the operator to configure such a flag on the cell level which might be considered as additional effort.
· The blacklist might be configured on the frequency level. This would be an option considering the small cells are rollout on a specific frequency within the operator network.
3. Flexible timer

· Introduce a flexible timer which would bar the cell for the low cost UEs for more then 300 sec. This would allow having flexible handling on the cell level, but might have the same disadvantages as the pro cell blacklist
Proposal 5: RAN WG 2 is requested to conclude on one of these options. In case of no consensus, it is proposed to agree on “do nothing” approach in release 12.
5. Conclusion

Proposal 1: It is proposed to agree on the name of a new category for the low cost UEs.
Proposal 2: Agree based on the contributions to this meeting, if the indication of low complexity UE within msg. 1 is needed within Rel. 12, otherwise include the indication of low cost complexity UEs into msg. 5.

Proposal 3: eNB should limit UL grants for low complexity UEs as soon as its category is known by the eNB. This proposal is depending on the agreed way forward for the proposal 1.

Proposal 4: UE BSR mechanism will not be changed.
Proposal 5: RAN WG 2 is requested to conclude on one of these options. In case of no consensus, it is proposed to agree on “do nothing” approach in release 12.
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