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1. Introduction
In the last RAN2 meeting, a reply LS to RAN1 on mobility support was agreed in [1]. RAN1 was asked to consider keeping the current limit of 2216 bits for BCCH TBS within the work on low complexity MTC UEs. In this contribution, we analyze the UE cost impact if the maximum BCCH TBS is 2216 bits instead of 1000 bits and we give our proposal based on the analysis.
In addition, we discuss if simultaneous reception of common messages and unicast data is supported by low complexity UEs.
2. Maximum TBS for low complexity UEs
According to the WID [2], a new UE category/type shall be specified with downlink and uplink maximum TBS of 1000 bits for low complexity UEs. Some issues were identified if the maximum BCCH TBS is also limited to 1000 bits, so RAN2 asked RAN1 to consider keeping the current limit of 2216 bits for BCCH TBS for low complexity UEs. 

If the maximum BCCH TBS is extended from 1000 bits to 2216 bits, the cost in HARQ buffer and Turbo decoding will be directly increased. In addition, there may be potential UE BOM cost increase in post-FFT data buffering. 
Following we analyze the UE BOM cost increase if the maximum BCCH TBS is extended from 1000 bits to 2216 bits.
HARQ buffer

In 36.306, for each UE category, total number of DL-SCH soft channel bits defines the total number of soft channel bits available for HARQ processing. It does not include the soft channel bits required by the dedicated broadcast HARQ process for decoding of system information which is independent of UE category. In Table 1, we give the number of soft channel bits for HARQ processing and broadcast HARQ process.
Table 1: Soft channel bits calculation

	Total number of DL-SCH soft channel bits for category 1 UE
	250368

	Total number of DL-SCH soft channel bits for new category UE
(maximum TBS except BCCH TBS is 1000 bits)
	25344

Note: assume 8 HARQ processes

	Soft channel bits for dedicated broadcast HARQ process 

(maximum BCCH TBS is 1000 bits)
	3168

	Soft channel bits for dedicated broadcast HARQ process

(maximum BCCH TBS is 2216 bits)
	6816


The HARQ buffer size includig broadcast HARQ process for low complexity UE with reference to category 1 UE is calculated as below.
· Maximum BCCH TBS is 1000 bits:

(25344+3168)/(250368+6816)=11%

· Maximum BCCH TBS is 2216 bits:

(25344+6816)/(250368+6816)=12.5%

It is observed that if maximum TBS of BCCH is extended from 1000 bits to 2216 bits, 1.5% cost increase in HARQ buffer is expected.
Turbo decoding
If the maximum TBS for BCCH is increased from 1000 bits to 2216 bits, the turbo decoding cost for low complexity UE with reference to category 1 UE is as below.
· Maximum BCCH 1000 bits:

1000/10296=10%

· Maximum BCCH 2216 bits:

2216/10296=21.5%

It is observed that if maximum TBS of BCCH is extended from 1000 bits to 2216 bits, 11.5% cost increase in Turbo decoding is expected.
Post-FFT data buffering:

For BCCH transmission, only QPSK is supported according to the current specification. For each PRB, at most 256 bits can be conveyed assuming 2 OFDM symbols in control region and QPSK modulation. In order to accommodate 2216 bits in a single transport block, the minimal number of PRBs shall be equal or larger than 9. The number of PRBs shall be further extended to achieve a reasonable coding rate. Following we analyze the cost impact in post-FFT data buffering assuming the number of PRBs for new category/type UE in extended from 6 to 12.
Whether extending the number of PRBs would increase the UE cost in post-FFT data buffering depends on the PDSCH frequency allocation scheme. If dynamic scheduling without cross-subframe scheduling is used, no cost increase in expected since the UE has the capability to buffer the entire bandwidth. Otherwise if dynamic scheduling with cross-subframe scheduling or semi-static PDSCH frequency allocation is adopted, about 5% cost increase in post-FFT data buffering is expected.
The cost increase in each functional block if the maximum BCCH TBS is extended from 1000 bits to 2216 bits for low complexity UE is summarized in Table 2.

Table 2: Cost increase summary

	Functional block
	Cost percentage in total UE cost in TR36.888
	UE cost increase in the functional block
	Total UE cost increase

	HARQ buffer
	6-9%
	1.5%
	0.09-0.135%

	Turbo decoding
	3-9%
	11.5%
	0.35-1%

	Post-FFT data buffering
	6-9%
	0-5%
	0-0.45%


In total, we have the following observation.
Observation: If maximum TBS of BCCH is extended from 1000 bits to 2216 bits, 0.44-1.585% total UE BOM cost increase is expected.
The UE BOM cost increase is marginal, thus we propose to keep the current limit of 2216 bits for BCCH TBS for low complexity MTC UEs to avoid the potential issues raised in the LS [1].
Furthermore, it is noted that HARQ is not support for paging or RAR so that the UE does not need to buffer paging or RAR messages. Maximum TBS of paging and RAR can be extended to the same size as BCCH without increasing UE BOM cost. Therefore, we propose to extend the maximum TBS of paging and RAR to 2216 bits as well.
Proposal 1: Keep the current limit of 2216 bits for common messages including SIB, paging and RAR for low complexity MTC UEs.
3. Simultaneous reception of common messages and unicast data

Another open issue for new category/type UE is that if simultaneous reception of unicast and SIBs/paging/RAR is supported. It should be noted that legacy UEs support simultaneous reception of unicast and SIBs/paging/RAR.
From network perspective, it is difficult to avoid simultaneous transmission of common messages and unicast data. The reason is that eNB does not know when the UE are receiving SIB, paging or RAR. Therefore, it is preferred from network side that simultaneous reception of common messages and unicast data is supported.
From UE cost perspective, it is our understanding that to support simultaneous reception of common messages and unicast data would not increase the UE cost as long as the total number of PRBs low complexity UE receives in a TTI is not extended due to simultaneous reception. 
Therefore, we propose that low complexity UE supports simultaneous reception of common messages and unicast data as long as the total number of PRBs in a subframe does not exceed the number of PRBs low complexity UE supports. 

If the total number of PRBs in a subframe exceeds the number of PRBs low complexity UE supports, the UE may ignore paging/SIB if unicast is received simultaneously. The UE would ignore unicast data if RAR is received simultaneously.
Proposal 2: Simultaneous reception of common messages and unicast data is supported by low complexity UEs as long as the total number of PRBs in a subframe does not exceed the number of PRBs low complexity UE supports.
Proposal 3: If the total number of PRBs in a subframe exceeds the number of PRBs low complexity UE supports, the UE may ignore paging/SIB if unicast is received simultaneously. The UE would ignore unicast data if RAR is received simultaneously.
4. Conclusion

In this contribution, we analyze the UE BOM cost increase if the maximum BCCH TBS is extended from 1000 bits to 2216 bits for low complexity UE. It is observed that 0.44-1.585% total UE BOM cost increase is expected. We think the cost increase is acceptable considering the potential issues raised in [1]. Furthermore, it is noted that maximum TBS of other common messages including paging and RAR can be extended to the same size as BCCH without increasing UE BOM cost. Therefore, we propose to keep the current limit of 2216 bits for common messages including SIB, paging and RAR for low complexity UEs.
Based on the analysis in section 3, we propose low complexity UEs support simultaneous reception of common messages including SIBs/paging/RAR and unicast data as long as the total number of PRBs in a subframe does not exceed the number of PRBs low complexity UE supports. If the total number of PRBs in a subframe exceeds the number of PRBs low complexity UE supports, the UE may ignore paging/SIB if unicast is received simultaneously. The UE would ignore unicast data if RAR is received simultaneously.
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