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Discussion and decision
1 Introduction
In this contribution, we present our views on some of the remaining issues of low cost UEs, particularly on the following:
· Maximum TBS of low cost UEs;
· Interpretation of downlink data channel in the WID;
· Number of HARQ processes supported for low cost UEs.
2 Remaining details of new UE category/type
2.1 Maximum TBS of low cost UEs
In response to RAN1 LS on seamless mobility support for low complexity MTC UEs [2], RAN2 [3] has asked RAN1 if  the current limit of 2216 bits (maximum for DCI format 1A) for the BCCH TBS size can be kept for low cost UE. There are mainly two reasons for this request:
1. Although SIB1, 2, 3, 4 are all smaller than 1000 bits, it may exceed 1000 bits in the future if extension is considered.

2. RAN2 agreed that existing mobility procedures for idle mode, including intra and inter-frequency cell (re)selection and inter-RAT mobility should also be supported for low cost UE (network can choose not to use them if not applicable to certain deployment scenarios). SIB5, in particular, may exceed 1000 bits. 

We note that RAN2’s concern is on the DL TBS. Hence it is our understanding that at least the maximum UL TBS can remain as 1000 bits.

It should be examined what is the cost of increasing the maximum TBS as requested by RAN2. Based on the methodology from the TR [4], with maximum TBS of 2216 bits, about 78% relative saving for turbo decoding and HARQ buffer can be achieved, compared to 90% for 1000 bits. The overall cost savings for DL baseband is about 11.7% - 23.4% (down from the original 13.5%-27%). Assuming 1000 bits is kept for UL, the overall cost savings is 9.4% - 18.8%, down from 10.5% - 21%. Therefore, the loss of overall cost savings is about 1.1% - 2.2%.

Observation 1: The loss of overall cost savings by increasing the maximum TBS from 1000 bits to 2216 bits is about 1.1% - 2.2%.

With the increase in the maximum TBS, the maximum number of PRBs of 6 assumed for low cost UE needs to be revisited. To be able to schedule a TB of size 2216 with QPSK (the only modulation scheme supported for SI broadcast), the number of PRBs needed is at least 14, close to 3MHz bandwidth of 15 PRBs [5].  The impact on cost if the number of PRBs is increased is mainly on the post-FFT data buffering and receiver processing block, which contribute to about 18%-30% of the overall cost. Increasing the number of PRBs from 6 to 15 could incur loss of the overall cost savings by about 1.6%-2.7%. 
Observation 2:  The loss of overall cost savings by increasing the number of PRBs from 6 to 15 is about 1.6% - 2.7%.
Observation 3:  If the maximum TBS is increased to 2216 and the number of PRBs is increased to 15, then the loss of overall cost savings is about 2.7% -4.9%.
If the maximum DL TBS is kept at 1000 bits, then the cost is
· not able to support full mobility procedures;

· incur suboptimal low cost UE performance; and 
· create potential future issue due to extension of SIBs that would complicate the specification and implementation of low cost UE. 
Weighing the pros abd cons, it is our view that the maximum TBS for low cost UE should be increased to 2216 bits and the number of PRBs should be increased to 15.
Proposal 1: For low cost UEs, 
· the maximum DL TBS is increased to 2216 bits;

· the maximum UL TBS is kept at 1000 bits;

· the number of supported PRBs for PDSCH is increased to 15 PRBs. 
2.2 Interpretation of downlink data channel in WID 
One of the open issues raised during the recent email discussion [6] is the interpretation of “downlink data channel” in the WID [1]
· Interpretation A is "downlink data channel" means PDSCH. So PDSCH allocated by all RNTI are restricted to 1.4MHz (or 6 PRBs) allocation.

· Interpretation B is "downlink data channel" means only user plane traffic. So PDSCH assigned by C-RNTI (and SPS C-RNTI) (E)PDCCH is restricted to 6 PRBs but the remaining cell common PDSCH like SIBs, paging, RACH response and so on) are no restriction. The same SIBs, paging and RACH responses can be received between "a new UE category/type" and all other current category UEs.

Interpretation A is our understanding. In addition, the total TBS of all PDSCH allocated by all RNTIs are also restricted to the maximum value of 2216 bits. 
Regarding the question:

· Is PDSCH for SIBs, paging and RACH responses shared with current category UEs or required to send separately for low cost category/type UEs? If these are different for PDSCHs from current category, are PDSCH for additional SIBs, paging and RACH responses for enhanced coverage modes further different?

Our understanding for low cost UE is that they are shared with current category UEs, especially if we agree to increase the maximum TBS to 2216 bits from 1000 bits.
Clarification: "downlink data channel" in the WID means PDSCH. PDSCH allocated by all RNTIs are restricted to the maximum number of PRBs allocation. In addition, the total TBS of all PDSCH allocated by all RNTIs are also restricted to the maximum DL TBS for low cost UE. 

Since Rel-8, the eNodeB can schedule broadcast message and unicast data in the same subframe, and expect the UE to receive the TBs simultaneously in a subframe. For low cost UEs, assuming parallel reception of broadcast and unicast data is supported, it is possible that the total number of PRBs or the total TBS of unicast and broadcast messages may exceed the maximum value that can be handled by the low cost UE. One way to avoid this issue is for the eNodeB to schedule unicast data the low cost UE around subframes used for broadcast. However, this would result in scheduling restriction for the eNodeB. Another way to allow the UE to drop transport block(s) in case UE capability is exceeded. Further study is needed on how to resolve this issue. 
Observation 4: It is possible that the total number of PRBs or the total TBS of unicast and broadcast messages may exceed the maximum value that can be handled by the low cost UE. How to handle this issue is FFS.
2.3 Number of HARQ processes supported for low cost UEs
HARQ buffer takes up 10%-15% of baseband cost and 6%-9% of the overall cost. For example, maximum saving achievable by reducing the number of HARQ processes from 8 to 1 is about 0.75%-1.13%, partly compensating the cost increase from larger maximum TBS. On the other hand, the data rate reduces significantly from 1Mbps to 125kbps (87.5% reduction). Therefore, it seems reasonable to keep the same maximum number of HARQ processes for low cost UE as that for the other UE categories. 
Finally, we note that different consideration on the number of HARQ processes should be given for coverage enhanced UEs as signaling overhead associated with supporting large number of HARQ processes also needs to be taken into account in that case.
Observation 5:  Reducing HARQ processes for low cost UEs can only achieve limited cost savings, while the data rate is significantly reduced.
Proposal 2: Keep the same maximum number of HARQ processes for low cost UE (non-coverage enhanced) as that for the other UE categories.
3 Conclusions
In this contribution, we presented our views on some of the remaining details for low cost UEs. 
On the maximum TBS for low cost UEs:

Observation 1: The loss of overall cost savings by increasing the maximum TBS from 1000 bits to 2216 bits is about 1.1% - 2.2%.

Observation 2: The loss of overall cost savings by increasing the number of PRBs from 6 to 15 is about 1.6% - 2.7%.
Observation 3:  If the maximum TBS is increased to 2216 and the number of PRBs is increased to 15, then the loss of overall cost savings is about 2.7% -4.9%.
Proposal 1: For low cost UEs, 
· the maximum DL TBS is increased to 2216 bits;

· the maximum UL TBS is kept at 1000 bits;

· the number of supported PRBs for PDSCH is increased to 15 PRBs. 
On the interpretation of downlink data channel in WID:
Clarification: "downlink data channel" in the WID means PDSCH. PDSCH allocated by all RNTIs are restricted to the maximum number of PRBs allocation. In addition, the total TBS of all PDSCH allocated by all RNTIs are also restricted to the maximum DL TBS for low cost UE. 
Observation 4: It is possible that the total number of PRBs or the total TBS of unicast and broadcast messages may exceed the maximum value that can be handled by the low cost UE. How to handle this issue is FFS.
On the number of HARQ processes supported for low cost UEs:

Observation 5:  Reducing HARQ processes for low cost UEs can only achieve very limited cost saving, while the data rate is significantly reduced.
Proposal 2: Keep the same maximum number of HARQ processes for low cost UE (non-coverage enhanced) as that for the other UE categories.
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