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1 Introduction

This tdoc evaluates the choice for the number of PDSCH PRBs that a Low Complexity (LC) UE would support. The WID [1] has set the limit to 6 PDSCH PRBs but several factors have been brought up to consider increasing this PRB limit. This was briefly discussed in the RAN1#76 meeting but was not concluded.  This was captured in the chairman’s minutes [2]:

Proposed working assumption

· For the low complexity MTC UEs, these UEs support 15-RB PDSCH assignment(?)/bandwidth(?)

Although this tdoc evaluates the limit of 6 vs 15 PRBs, many of the evaluations scale if a different PRB limit is chosen. 
2 Advantages of 15 PDSCH PRBs
2.1 Decreased SIB decoding Time for Legacy and LC UE’s 
With 15 PRBs, the coding rate of each SIB can be lower thus the UE has to combine less SIB repetitions. Since only one SIB repetition can be sent per subframe, the SIB decoding time will be less. For example:

If the ECR Target is 1/17 and SIB size is 2216 then: 

For a 6 PRB limit,   ~25 SIB repetitions are required

For a 15 PRB limit,   ~10 SIBs repetitions are required

If the SIB repetitions are sent every other SF (i.e. to allow some scheduling flexibility)

For a 6 PRB limit,   SIB decode time is 50 ms (25x2ms)
For a 15 PRB limit,   SIB decode time is 20 ms (10x2ms)
Although a UE in good coverage, will not be required to combine all the repetitions to decode successfully, a reduction of ~2.5X in the SIB decoding time is generally still expected regardless of the UE’s coverage (poor or strong). 
Observation – A PRB limit of 15 vs 6 reduces SIB decoding time by ~2.5 times for legacy and LC UEs.

Since the decode time is reduced, the power consumption is also reduced for all legacy and LC UEs. 

Observation – A PRB limit of 15 vs 6 reduces SIB decoding power consumption for legacy and LC UEs.

2.2 Less PDCCH resources used
A mentioned above, since less SIB repetitions are needed to achieved the same ECR, less SIB repetitions need to be scheduled via PDCCH thus less PDCCH resources will be used.  2.5X more PDCCH resources will be used with a  limit is 6 vs 15. The absolute number of additional REs used will depend on the aggregation level (AL) but since the SIB DCI needs to reach the fringes of coverage, a high AL will likely be needed thus a lot of PDCCH resources will be used. 

Observation – A PRB limit of 15 vs 6 will reduce the amount of PDCCH resources required to schedule the SIB repetitions by ~2.5X. 
2.3 Increases DL throughput for LC UE in marginal/poor coverage
Although the LC UEs throughput is a function of TBS, it is also a function of the number of PRBs. In general, when a LC UE is in good coverage, the throughput will be limited by the TBS limit (i.e. 1000),  but when the LC UE is in  marginal or poor coverage, the throughput will be limited by the number of PDSCH PRBs the LC UE can support.  For example, 

If due to coverage ITBS=3 was required to be used, then:
     For 6 PRBs,   TBS=328 [3] yielding 328 kbps

     For 15 PRBs, TBS=872 [3] yielding 872 kbps

A loss in throughput for the LC UE will occur for LC UEs in coverage areas which utilize ITBS values from 0-9. This is expected to be a large coverage area. 
Observation: A PRB limit of 15 vs 6 will increase the DL throughput of LC UEs in marginal or poor coverage areas. 

If the DL throughput is reduced, the LC UE will have to stay in connected mode longer to receive the same amount of information thus increasing the LC UE’s power consumption. Although the processing of the extra 9 PRBs will require more baseband processing and power, this effect is minimal compared to requiring the UE to stay in connected mode longer.

Observation:  A PRB limit of 15 vs 6 will decrease power consumption of LC UEs when in marginal or poor coverage areas. 
2.4 Degradation in SIB decoding performance
Simulation results show a ~0.4dB degradation when 6 PRBs are used vs 15 PRBs.
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Simulation Parameters: AWGN, SIB size 2216, ECR 1/17, 15 PRBS repeated 10 times, and 6 PRBs repeated 25 times.
When 15 PRBs are used more coding bits can be sent with every message and less repetition is needed. Thus, the UE gets more gain from the convolution coding than the repetitions when 15 PRBs are used.  Given that repetition coding has a lower decoding performance than convolutional codes, it is expected that the SIB decoding performance will be better using 15 PRBs than 6 PRBs. 

Observation:  A PRB limit of 6 vs 15 will marginally degrade SIB decoding performance. 
2.5 RAR Message Size Limitation
Unlike SIBs, the RAR (msg2) are not combined.  Although a single RAR is small, the eNB can aggregate many RARs into one RAR message thus increasing the size of the message.  A high ECR must be used (e.g. 1/17) for the RAR to reach all the UEs in different coverage conditions. Given the 6 PRBs limit, the number of RARs that can be aggregated or the ECR may be limited. For example:

If the desired ECR is 1/17 then 

For 6 PRBs,   the maximum RAR size is ~ 93 bits
For 15 PRBs, the maximum RAR size is ~ 233 bits
Observation:  A PRB limit of 6 vs 15 will further restrict RAR message size. 
3 Advantages of 6 PDSCH PRBs

3.1 More Cost Savings

The cost savings for the PDSCH PRB limit is achieved mostly by reducing the post FFT buffer size.  From [4], the average cost of the post FFT buffer is 7.5% ((15 max +10 min)/2*60% BB cost).  Not all of buffer can be saved as the LC UE still needs to buffer the PDCCH so assuming PDCCH is 3 symbols then a maximum of 5.9% (7.5%*11/14) can be saved when no PDSCH PRBs are supported.  
If 6 PRBs are supported, the cost saving is 5.54% (5.9%*(100-6)/100). 
If 15 PRBs are supported, the cost savings is 5% (5.9%*(100-15)/100). 
0.54% more cost saving is achieve for a limit of 6 vs 15 PRBs
Observation:  A PRB limit of 6 vs 15 will achieve 0.54% more cost saving. 
4 Conclusions
Advantages of a PRB Limit of 15 vs 6:

· Reduces SIB decoding time for legacy and LC UEs.

· Reduces SIB decoding power consumption for legacy and LC UEs.

· Reduces the amount of PDCCH resources. 
· Increases the DL throughput of LC UEs in marginal or poor coverage areas. 

· Decrease LC UEs power consumption when in marginal or poor coverage areas. 
· Improves SIB decoding performance for legacy and LC UEs

· Supports larger RAR message sizes

Advantages of a PRB Limit of 6 vs 15:

· Achieves 0.54% more cost saving
Proposal: Given the system efficiency, UE power consumption, throughput, and decoding time improvements vs the marginal cost difference, it is proposed to change LC UE’s PRB limit from 6 to 15.
5 References

[1] RP-140522 “Work Item on Low cost & enhanced coverage MTC UE for LTE”
[2] Chairman's Notes RAN1#76
[3] TS 36.213 “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”

[4] TR 36.888 “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs)”
Page 3 of 3

