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1 Introduction
TR 36.888 [1] has studied a TBS of 1000 bits to enable reduced cost of MTC UEs. The cost advantage is realised by a reduction in the size of the HARQ memory required and Turbo decoding. However there is some ambiguity if the TBS=1000 bits includes BCCH bits or not. The Low Cost WID [2] states:

· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.

As seen, the WID is ambiguous if the TBS is only unicast messages or if it also includes BCCH bits/SIB messages. 
Looking at the cost break down details in TR 36.888, the RAN1 study appears to consider that the 1000 bits includes BCCH bits.  Since it is technical possible for SIBs to be as large as 2216 bits (i.e. the DCI format 1A maximum), the low cost UE may not be able to decode any SIBs >1000 bits and also cannot simultaneously receive unicast and SIB responses in the same subframe.

However, if the TBS number in the WID is only for the unicast messages (excludes BCCH bits), then this is not an issue.  This is a credible understanding of TBS since the definition of TBS in TS 36.306 [3] section 4.2.1.1 has the same meaning which states:

4.2.1.1
Maximum number of DL-SCH transport block bits received within a TTI 

Defines the maximum number of DL-SCH transport blocks bits that the UE is capable of receiving within a DL-SCH TTI.

This number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe.
This tdoc discusses the impacts and possible solutions for each TBS option and calculates the addition cost of having the low cost UE support 1000+BCCH bits.
2 TBS Discussion
The two TBS options will be discussed in this section:
Option #1: Low Cost UE has TBS=1000 bits including BCCH bits:

This option allows a TBS size of 1000 bits including BCCH bits which will make it impossible for the UE to decode SIBs >1000 bits and also not possible to decode unicast messages simultaneously with SIBs. The following impacts will results: 

#1 Increase eNB scheduler complexity: The loss of ability for the Low Cost UE to support simultaneous SIB and unicast decoding will add complexity to the eNB schedule which up to Rel 11 did not have to deal with this scheduling restriction.  Since the eNB scheduler doesn’t know when the Low Cost UE is decoding SIBs, the eNB must assume that the Low Cost UE is decoding every SIB and then must ensure no unicast messages are sent to any Low Cost UE in that subframe. RAN1/RAN2 would need to study the increase in eNB scheduler complexity and determine if this increase in complexity is acceptable.
#2 Decrease UE throughput: The loss of ability of the Low Cost UE to support simultaneous SIB and unicast will reduce the maximum throughput of the UE.  The throughput reduction will be more significant when the UE is operating in Extended Coverage Mode where the UE many need to decode many repetitions of SIB. RAN1 would need to study the amount of the throughput reduction this would cause and determine if it is acceptable.
This still leaves the issue that the low cost UE cannot decode SIBs> 1000 bits. The following solutions could be studied in RAN2 to solve this issue:

#1 Reduce Network Functionality and Configuration: RAN2 may determine that it is possible to reduce system functionality and configurability such that all SIBs are guaranteed to be <1000 bits.  RAN2 would have to study what reductions could be made, possible backward compatibility issues, and determine if these reductions are acceptable. 

#2 Reduce UE Functionality:  It may be desirable to remove some Low Cost UE functionality associated with some SIBs. For example, if mobility is not support, then SIB3 and SIB4 does not need to be decoded by the Low Cost UE. However, this would then limit the TAM (total addressable market) for the Low Cost UE. RAN1/RAN2 would need to study what functionally could be removed and if the loss of that functionality is acceptable for a Low Cost UE. 

#3 Create new SIBs: RAN2 may decide to create new SIBs <1000s which only contain the necessary information for the Low Cost UE. RAN2 would have to study what information is needed by the Low Cost UE.  RAN2 would have to study the resulting system overhead increase, specification impacts, and determine if those are acceptable.
Combinations of the above solutions are also possible which need to be studied by RAN1/RAN2.
Observation #1: There are many impacts and aspects for RAN1 and RAN2 to study if the Low Cost UE supports a TBS=1000 bits including BCCH bits. 
Option #2: Low Cost UE has TBS=1000bits+BCCH bits:

This definition allows a TBS size of 1000 plus 2216 for BCCH which makes it possible for all legacy SIB information to be received without restriction or modification thus the low cost UE could support full mobility and throughput would not be degraded.  
Re-calculation the UE cost savings for this option, based on the calculations in TS36.888 [1, table 6.4.3], shows that there will be a decrease in the saving on Turbo Decoding from 90% to 68%. The HARQ saving should remain the same at 90% saving since BCCH does not support HARQ and the UL processing saving also stays the same at 81%. This results in an overall relative saving compared to a CAT 1 UE of 9.9-19% savings.  This is only 0.6-2% less than option #1 (1000 bits excludes BCCH) (savings of 10.5%-21%).
Observation #2: A low cost UE supporting TBS=1000 bits+BCCH bits has a 0.6-2% increase in cost over a low cost UE only supporting TBS=1000 bits including BCCH bits.
Proposal #1: Given the tight time frames for Release 1 and the minimal increase in cost, the low cost UE should support a TBS=1000bits+BCCH bits. 

Hybrid Options

If further cost reduction is warranted for option 2 (TBS=1000bits+BCCH bits), solution #1 Reduce SIB content and #2 Reduce UE functionality could be studied to reduce the BCCH size down from 2216 bits, if time permits in release 12. 
Proposal #2:  If time permits in Rel 12, RAN should study if a Low Cost UE needs to support 2216 BCCH bits or if less can supported.

If the impacts, #1 Increase complexity eNB scheduler and #2 Decrease UE throughput, listed above are acceptable, a TBS=2216 bits include BCCH could also be adopted to save more cost.
Low cost UE’s 6 PRB Limit Discussion:

As mention in the WID [2], the low cost UE will be limited to decode only 6 PRB of the PDSCH to save cost. The estimated cost saving from this reduced downlink channel bandwidth is on the order of 8% from [1]. However, the 6 PRB limit will limit the amount of data the UE can receive within a subframe. The amount of data limit will depend on the MCS used.  Since BCCH information needs to be decoded with the entire range of the cell, higher MCS would normally not be used as they do not provide extended coverage.  Using [4 TS 36.213 Table 7.1.7.2.1-1: Transport block size table], the amount of data per MCS can be derived. For example, for 6 PRB + MCS=5, then only 500 bits can be sent which would limit the size of SIBs to 500 bits. To support 2216 bits in 6 PRBS, the MCS must be >20 (64 QAM) which is not well suited to provide coverage for the entire cell. 
Observation #3: The low cost UE limit of 6 PRBs for PDSCH will limit the MCS and amount of SIB data that can be decoded by a low cost UE.

If unicast data + BCCH data is to be sent in the same subframe, the MCS is further limited. 
Two possible solutions exist:

· Reduce SIB size (already consider above), and
· Increase # of PRB low cost UE supports

Given the relatively low cost saving of 8%,  RAN should consider increasing the number of PRBs the low cost UE can support to >6 PRB.
Proposal #3:  RAN should study if a Low Cost UE should support more than 6 PRBs to help support reception of larger SIBs with lower MCS.
3 Conclusion
Observation #1: There are many impacts and aspects for RAN1 and RAN2 to study if the Low Cost UE supports a TBS=1000 bits including BCCH bits. 
Observation #2: A low cost UE supporting TBS=1000 bits+BCCH bits has a 0.6-2% increase in cost over a low cost UE only supporting TBS=1000 bits including BCCH bits.
Proposal #1: Given the tight time frames for Release 1 and the minimal increase in cost, the low cost UE should support a TBS=1000bits+BCCH bits. 
Proposal #2:  If time permits in Rel 12, RAN should study if a Low Cost UE needs to support 2216 BCCH bits or if less can supported.

Observation #3: The low cost UE limit of 6 PRBs for PDSCH will limit the MCS and amount of SIB data that can be decoded by a low cost UE.

Proposal #3:  RAN should study if a Low Cost UE should support more than 6 PRBs to help support reception of larger SIBs with lower MCS.
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