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1. Introduction

In RAN1 #75 meeting, the following was agreed on PDCCH/PDSCH timing for MTC UEs in coverage enhanced (CE) mode [1].

	Agreements:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)


But for low cost MTC UEs in normal coverage, the PDCCH/PDSCH timing has not been agreed yet. 

The following will be proposed as a way forward [2] as the outcome from the email discussion [75-04].

	Proposals:
· Proposals for the new UE category/type:
- Both contiguous and non-contiguous resource allocation for unicast are supported.
- From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.



However, RAN1 has not yet determined the resource allocation method (e.g., reduced PDSCH frequency location) for cell-common data and unicast data.

In this contribution, we share our considerations on definition of DL maximum TB size, PDCCH/PDSCH timing, and PDSCH resource allocation for low cost MTC UEs.
2. Discussion
2.1. Definition of DL maximum TB size for low-cost MTC
Definition of DL maximum TB size
In the Rel-12 MTC WID [3], one of the objectives is to specify a new UE category/type supporting the following capabilities:

· 1 Rx antenna;

· DL and UL maximum TBS size of 1000bits;
· Reduced DL channel bandwidth of 1.4MHz for data channel in baseband.
However, as pointed out in [75-04] email discussion, the definition of DL maximum TB size in WID is not clear in terms of the following aspects:
· Whether DL maximum TB size includes DL-SCH TB carrying BCCH or not
· Whether DL maximum TB size takes simultaneous reception of cell-common data into account or not
Before we discuss the exact value of DL maximum TB size, the above points should be clarified. 
First, we discuss the inclusion of BCCH TB size. If a UE can receive BCCH with a certain TB size (e.g. 2216 bits), there is no need to set a smaller TB size limit (e.g. 1000 bits) for DL-SCH than that for BCCH. Therefore, the maximum TB size should be decided taking into account the bits of a DL-SCH transport block carrying BCCH.
Second, we discuss simultaneous reception of cell-common data and unicast data. TS 36.302 [4] specifies the possible combinations of physical channels that can be received in parallel in the downlink in the same subframe by one UE. In one subframe, the UE shall be able to receive all TBs according to the indication on PDCCH.
As noted in [5], a UE in RRC idle mode may for example be required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI, and PCH, while a UE in RRC connected mode may be required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI, and another DL-SCH transmission. 
However, the combination of physical downlink channels received at the same time by an MTC UE may exceed the maximal TB size, in which case the MTC UE is unable to receive them all. To avoid this situation, one solution may be to let the low cost MTC UEs decide which combination of messages to decode when the total size of the simultaneously received transport blocks exceeds the maximum TB size. To avoid the HARQ buffer to become a bottleneck (i.e. the total size of the simultaneously received transport blocks being smaller than the maximum TB size but the UE not being able to support all of them for a lack of HARQ process number capacity), the total number of soft channel bits should be decided according to the maximum TB size.
Proposal 1:

· The maximum TB size should be decided taking into account the bits of a DL-SCH transport block carrying BCCH.
· The “total number of soft channel bits” is therefore based on the maximum TB size.

· It is up to the low cost MTC UEs to skip decoding some of messages when the total size of the simultaneously received transport blocks exceeds the maximum TB size.
Mobility support for low-cost MTC UEs - RAN2 Reply LS [4]

With the above understanding and suggestions in [6] [7], since accepting a 1000 bit limit might put restrictions on the extensibility of these SIBs in the future, RAN2 requested RAN1 to keep the current limit of 2216 bits for the BCCH TB size within the work on low complexity MTC UEs. We can suppose that RAN1 adopts RAN2 suggestion to remove the 1000 bit limit for DL/UL maximal TB size in the current WID. This doesn't pose any incompatibility with the undergoing work, as by definition, DCI 1A is able to give support to TB size up to 2216 bits. Moreover, the change of the nominal limit to a higher ceiling doesn't alter the scope of the project, we are still aiming at specifying a low cost / low complexity MTC UE. Therefore, other WID requirements, such as 1 Rx antenna or the 1.4 MHz channel bandwidth are independent of this change.
Observation 1:

· Downlink maximum TB size of 1000 bits in WID can be reconsidered since RAN WG2 suggested to keep the current limit of 2216 bits for the BCCH TB size.
2.2. PDCCH/PDSCH timing
For low-cost UEs in normal coverage (i.e., without additional coverage enhancement), if/when PDSCH is indicated by (E)PDCCH, two alternatives for the PDCCH/PDSCH timing are listed as follows.

· Alt.1: (E)PDCCH and its indicated PDSCH are transmitted in the same subframe;

· Alt.2: (E)PDCCH and its indicated PDSCH are transmitted in different subframes.

Alt.1 keeps the same timing as Rel-8-11. There is no additional specification impact (e.g., ACK/NACK timing) if PDCCH and its indicated PDSCH are transmitted in the same subframe. Besides, it does not result in additional complexity for eNB scheduling. 
Alt.2 has also been proposed for the MTC CE case. However, it needs additional specification work, e.g., when to transmit PDSCH after PDCCH transmission, and ACK/NACK feedback timing for PDSCH. 
Proposal 2:
· For low-cost UEs in normal coverage, PDCCH and its indicated PDSCH should be transmitted in the same subframe.

2.3. PDSCH resource allocation 
Support of both contiguous and non-contiguous resource allocation
As said in the email discussion [75-04], for unicast data, support of both contiguous and non-contiguous resource allocation is proposed in [2].
We also think support of both contiguous and non-contiguous resource allocation is beneficial so we support it.

Proposal 3:
· Both contiguous and non-contiguous resource allocation at least for unicast are supported for the new low-cost MTC UE category/type.
Supposing that the above proposal is agreed, the following options can be considered for PDSCH resource allocation.
The meaning of “downlink data channel”
Based on different assumptions on reduced DL channel bandwidth of 1.4 MHz for data channel in baseband, there are several options discussed in [75-04].
Option 1: Post-FFT buffer reduction to 6 PRBs for both cell-common and unicast data. 

Option 2: No post-FFT buffer reduction, 

· A: Bandwidth reduction to both cell-specific and unicast data. 

· B: Bandwidth reduction to only unicast data. 

Option 1 provides the largest cost reduction, while option 2 is simpler and results in smaller specification impact. As discussed in [8] [9], the reduction of post-FFT data buffering capacity of option 1 is up to 74% compared to Rel-8 UEs. This leads to 4.44%~6.66% overall relative cost savings. Since one objective of the WID [3] is to specify a low cost UE category/type, option 1 should be assumed from the perspective of cost saving.  
Therefore, the meaning of “downlink data channel” in the WID should be considered as both cell-common and unicast data. Namely, the meaning of “downlink data channel” in the WID description should be PDSCH scheduled with any RNTI.
Observation 2:
· Post-FFT buffer reduction to 1.4 MHz (or 6 PRB) for both cell-specific and unicast data is beneficial for cost reduction. 
Proposal 4:
· The meaning of “downlink data channel” in WID description should be PDSCH scheduled with any RNTI.
In normal coverage, as discussed in the previous subsection, the PDCCH and its scheduled PDSCH are preferred to exist in the same subframe as currently specified. In order to achieve flexibility and a smaller size post-FFT buffer, the reduced PDSCH frequency location should adopt for unicast data the semi-static manner after RRC connection is established, as discussed in our previous contributions [8] [9]. 
In CE mode, as agreed in RAN1 #75, the assigned PDSCH is transmitted not before the end of the (E)PDCCH repetition. It may lead to a serious DCI overhead due to the (E)PDCCH being present in multiple subframes for each reduced PDSCH assigned to an MTC UE. Also, in CE mode, according to the working assumption in RAN1 #74bis, MTC UEs are assumed to be stationary, therefore staying connected to the same cell for relatively long periods of time. In these conditions, reduced PDSCH allocation in the semi-static manner leads to a more compact DCI, i.e., the PDSCH resource indication could be optimized in DCI by for example a “PRB index indication” for the RRC configured six PRBs. Also, the semi-static manner could reap similar frequency selective gain to that of the dynamic manner.
On the other hand, from the perspective of complexity and specification impact, the fixed PDSCH location option is preferred for the initial access and paging. 

Namely, for low-cost MTC, the frequency location of PDSCH for both unicast data and cell-common data should be restricted to within 6 PRBs -location. 6 PRBs -location should be semi-statically configured for PDSCH with C-RNTI. 6 PRBs -location should be fixed for PDSCH with SI-RNTI, P-RNTI and RA-RNTI.
Proposal 5:
· For low-cost MTC, the frequency location of PDSCH for both unicast data and cell-common data should be restricted to within 6 PRBs.
· 6PRBs location should be semi-statically configured for PDSCH with C-RNTI.
· 6PRBs location should be fixed for PDSCH with SI-RNTI, P-RNTI and RA-RNTI.
3. Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:

· The maximum TB size should be decided taking into account the bits of a DL-SCH transport block carrying BCCH.
· The “total number of soft channel bits” is therefore based on the maximum TB size.

· It is up to the low cost MTC UEs to skip decoding some of messages when the total size of the simultaneously received transport blocks exceeds the maximum TB size.
Observation 1:

· Downlink maximum TB size of 1000 bits in WID can be reconsidered since RAN WG2 suggested to keep the current limit of 2216 bits for the BCCH TBS size

Proposal 2:
· For low-cost UEs in normal coverage, PDCCH and its indicated PDSCH should be transmitted in the same subframe.
Proposal 3:
· Both contiguous and non-contiguous resource allocation at least for unicast are supported for the new low-cost MTC UE category/type.
Observation 2:
· Post-FFT buffer reduction to 1.4 MHz (or 6 PRB) for both cell-specific and unicast data is beneficial for cost reduction. 
Proposal 4:
· The meaning of “downlink data channel” in WID description should be PDSCH scheduled with any RNTI.
Proposal 5:
· For low-cost MTC, the frequency location of PDSCH for both unicast data and cell-common data should be restricted to within 6 PRBs 
· 6PRBs location should be semi-statically configured for PDSCH with C-RNTI.
· 6PRBs location should be fixed for PDSCH with SI-RNTI, P-RNTI and RA-RNTI.
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