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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

We provided initial input in [2]. In this contribution we discuss the following remaining details:
· PDSCH resource allocation method

· Maximum TBS for SIB transmission

· Supported modulation schemes

· On the need for PRACH partitioning

2 Discussion

2.1 PDSCH resource allocation method

RAN1#74 discussed different PDSCH resource allocation methods for low cost MTC UEs with reduced PDSCH bandwidth. Today the PDSCH resources can be allocated dynamically to a time-frequency resource using a PDCCH transmission in the beginning of the same subframe as the PDSCH transmission will take place. However, the PDCCH decoding will take some time and during this time the UE may have no choice but to buffer the entire system bandwidth since it doesn’t yet know where the PDSCH is going to take place. Therefore it has been suggested to either restrict the eNB scheduler’s freedom to schedule PDSCH in any frequency subband or introduce forward scheduling for these UEs meaning that the PDCCH will point to a PDSCH transmission in a future subframe.
The potential difference in cost reduction with and without forward scheduling will now be analysed. The comparison will be made with respect to the reference Cat-1 UE modem from the study item [3]. The main difference comes from the reduction in post-FFT buffering requirements.

With forward scheduling, the full bandwidth corresponding to PDCCH transmission needs to be stored, corresponding to 3 OFDM symbols. For PDSCH, post-FFT data needs to be stored only for the allocated max 6 RBs out of 100 (assuming 20 MHz system bandwidth) for the remaining 11 OFDM symbols. In all, this means that the buffer size will be 3/14 + 11/14*6/100 = 26% compared to the Cat-1 UE buffer size.

Without forward scheduling, the whole bandwidth needs to be stored also while PDCCH is decoded. If we assume we need the whole first slot for this, the buffer size will instead be 7/14 + 7/14 * 6/100 = 53% compared to Cat-1. The post-FFT buffer accounts for 10-15 % of the base-band cost, or 6-9% of the whole modem according to TR 36.888 [3].

Assuming the lower value of this range, the potential cost saving would thus be a ~4.5 % for forward scheduling and ~3 % without forward scheduling. It is possible that there can be additional implementation advantages with allowing longer time for PDCCH decoding, but it’s not considered to be substantial. This seems to be a very modest difference in potential cost saving considering the network complexity increase and system performance penalty that can be expected from introducing forward scheduling or scheduling restrictions in the frequency domain. Therefore we propose to keep the dynamic PDSCH resource allocation without forward scheduling for low cost MTC UEs.
Furthermore, it is our understanding that non-contiguous frequency allocation of the up to 6 PDSCH PRBs does not increase the UE complexity significantly compared to frequency contiguous allocation. Therefore we propose to keep non-contiguous allocation. The extra frequency diversity may be particularly valuable for low cost MTC UEs that rely on a single receive antenna.

Proposals:
· Support dynamic PDSCH resource allocation without forward scheduling for low cost MTC UEs.
· Support non-contiguous PDSCH frequency allocation for low cost MTC UEs.
2.2 Maximum TBS for SIB transmission

It has been discussed whether the maximum TBS of 1000 bits will cause problems for SIB transmission since some SIBs can in principle be very large. TS 36.331 [4] section 5.2.1.1 has the following note:
NOTE 1: 
The physical layer imposes a limit to the maximum size a SIB can take. When DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes), see TS 36.212 and TS 36.213.

It is currently not clear to us whether a maximum TBS of 1000 bits may cause problems in practice. If RAN2 would conclude that this is a real problem, one possibility could perhaps be to allow a larger TBS for SIB transmission with the boundary condition that this is not allowed to increase UE complexity significantly. For example, perhaps a restriction on SIB transmission and simultaneous scheduling on other HARQ processes could be considered in order to keep the soft buffer size and overall UE complexity small.
2.3 Supported modulation schemes
It has also been discussed whether it would be beneficial for the UE cost to restrict the modulation order in downlink, e.g. to QPSK only. It is reasonable to assume that the bit-width post-FFT buffer size can be reduced by 1 or 2 bits if the modulation is restricted to 16QAM or QPSK, respectively. However, given the modest cost savings above, and that PDSCH symbols only occupy a minor part of the buffer, the additional cost savings associated with modulation order restriction can be assumed to be marginal.  
Proposals:
· Do not restrict the supported modulation schemes in downlink for low cost MTC UEs.
2.4 On the need for PRACH partitioning

It has been suggested that it may be necessary for the UE to indicate very early on in its communication with the network that it is a low cost MTC UE with limited capabilities, for example to ensure that eNB schedules the Random Access Response in such a way that the UE can receive it. One way to transmit such an indication early would be to set aside a subset of the PRACH resources for these UEs. However, our understanding is that there is no immediate need for this if the proposals in this contribution are agreed (in particular the dynamic PDSCH resource allocation without forward scheduling).
Proposals:
· Do not introduce mandatory PRACH partitioning for low cost MTC UEs.
3 Conclusions

In this contribution we presented our view on some of the remaining details for the low cost MTC UE. We have the following proposals. 

Proposals:
· Support dynamic PDSCH resource allocation without forward scheduling for low cost MTC UEs.
· Support non-contiguous PDSCH frequency allocation for low cost MTC UEs.
· Do not restrict the supported modulation schemes in downlink for low cost MTC UEs.
· Do not introduce mandatory PRACH partitioning for low cost MTC UEs.
More details can be found in our contribution [2] to RAN1#74.
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