Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #79
R1-144559
San Francisco, USA, 17th – 21st November 2014
Source: 
Ericsson

Title:
Physical resource allocation for MTC
Agenda Item:
6.3.1.2.1
Document for:
Discussion and Decision
1 Introduction
RAN#65 approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].
We outlined our initial thoughts on the design of physical data channels and associated physical control channels in contribution [2] and here we provide some further discussion on how to handle the physical resource allocation for reduced bandwidth and/or enhanced coverage UEs.
According to the WID, the new Rel-13 low complexity UE should have a reduced UE bandwidth of 1.4 MHz in downlink and uplink. Reduced bandwidth UEs should be able to operate within any system bandwidth, and frequency multiplexing of different UEs should be supported.

A reduced bandwidth UE will only be able to receive up to 6 PRBs at a time. The UE will be able to re-tune its center frequency in order to e.g. move from the center 6 PRBs within the system bandwidth to some other 6 PRBs. This is depicted in Figure 1. The allowed re-tuning time is to be determined by RAN4.
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Figure 1: Reduced bandwidth UE with reconfigurable UE centre frequency.
2 PRB grouping
In order to be able to refer to the PRBs within the total system bandwidth in a simple way, the total number of PRBs could be split into PRB groups where each PRB group consists of 6 PRBs. An example is depicted in Figure 2. In this example, the total number of PRBs is 100. The centre PRB group (PRB group #8) contains e.g. PSS/SSS and PBCH. There are 7+7=14 other PRB groups of size 6 PRBs. At system bandwidth edges there are “incomplete” PRB groups consisting of less than 6 PRBs.
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Figure 2: Grouping of PRBs into groups of 6 PRBs (100 PRBs in total).
For system bandwidth greater than 1.4 MHz, there are multiple PRB groups that are potentially available for reduced bandwidth and/or enhanced coverage UEs.
One option is to define a PRB group for each channel type. For example, define an EPDCCH PRB group and a PDSCH PRB group separately, which may or may not be same. Configuration of PRB group(s) for each channel type would be individually defined, including, for example, frequency domain location, and enabling frequency hopping or not.

A second option is to have all downlink transmission share the same configuration of PRB group(s). 

· If frequency hopping is not enabled, the PRB group for downlink transmission stays the same once configured. For example, on the downlink, the EPDCCH transmission and PDSCH transmission stay in the same configured PRB group across time. Similarly, on the uplink, the PUCCH transmission and PUSCH transmission stays in the same configured PRB group across time.
· If frequency hopping is enabled, the PRB group for downlink transmission changes in time according to a predefined downlink frequency hopping pattern. Thus, both EPDCCH and PDSCH transmissions in subframe j use the PRB group determined by the frequency hopping pattern.
A third option is to configure the PRB group for EPDCCH only, and let EPDCCH carry the PDSCH PRB group information. Similarly, for PUSCH, the associated EPDCCH could carry the PUSCH PRB group information in the DCI.
3 Resource granularity
In normal coverage, it is beneficial to have access to resource granularity of one PRB. That is, the eNB indicates a number of PRBs anywhere between 1 PRB and 6 PRBs for carrying PDSCH or PUSCH.
In enhanced coverage, that level of scheduling flexibility in the frequency domain is not needed. UEs that require downlink coverage enhancement should typically be scheduled with the largest possible downlink resource allocation in downlink (i.e. 6 PRBs) in order to maximize the channel transmission power, whereas UEs that require uplink coverage enhancement should typically be scheduled with the smallest possible uplink resource allocation (i.e. 1 PRB if the smallest uplink resource allocation is 1 PRB). In enhanced coverage, scheduling flexibility is needed in the time domain rather than in the frequency domain, and this is achieved through varying the repetition level.

4 DCI properties
Depending on the resource allocation granularity, the number of bits needed for resource allocation indication may vary depending on if the UE is in normal coverage or enhanced coverage. In other words, the number of DCI bits needed for this field may vary as a function of operating environment of the UE. One option is to define different DCI formats separately for normal coverage and enhanced coverage UEs, respectively. The DCI formats may contain different fields and have different lengths. This aspect applies to both PDSCH and PUSCH.

Other factors affecting the DCI size include:
· The total number of PDSCH PRB groups available for reduced bandwidth and/or enhanced coverage UEs (which may represent a subset of the total number of PRBs within the system bandwidth)
· PUSCH resource granularity (1 PRB or possible smaller than 1 PRB)
Since EPDCCH transmission can be very expensive for enhanced coverage UEs, the DCI options should prioritize reducing the DCI size.
Proposal:
· The design of DCI prioritizes reducing the DCI size.
5 EPDCCH properties
In normal coverage, it may be sufficient to use fewer than 6 PRB, e.g. {1, 2, 4, 6} PRBs within a single subframe for EPDCCH transmission.
In enhanced coverage, EPDCCH transmission requires repetition in time and/or frequency domain. For example, the EPDCCH may occupy 6 PRBs in a subframe, and repeats across subframes. 
To accommodate the varying channel conditions, multiple EPDCCH decoding candidates need to be defined at least for the UE-specific search space. To limit the number of blind decoding attempts, one option is to define one search space type for normal coverage UEs, and a different search space type for enhanced coverage UEs. The search space type can be configured by eNB via higher layer signaling.

Since the EPDCCH transmission is limited to 6 contiguous PRBs, there is no discernible frequency diversity benefit to map EPDCCH to non-adjacent PRBs. For simplicity of signaling, it is preferable that for a given subframe, the EPDCCH maps to adjacent PRBs only. The same consideration applies to PDSCH. Between channel types, the PRBs occupied by EPDCCH and the PRBs occupied by PDSCH do not need to be adjacent.

Proposals:

· The UE monitors multiple EPDCCH decoding candidates at least for the UE-specific search space.
· In a given subframe, EPDCCH maps to adjacent PRBs only.
· In a given subframe, PDSCH maps to adjacent PRBs only.
6 Conclusions

In this contribution, we discussed resource allocation for Rel-13 reduced bandwidth and/or enhanced coverage UEs. Based on the discussion, we have the following proposals.
Proposals:

1. The design of DCI prioritizes reducing the DCI size.
2. The UE monitors multiple EPDCCH decoding candidates at least for the UE-specific search space.
3. In a given subframe, EPDCCH maps to adjacent PRBs only.
4. In a given subframe, PDSCH maps to adjacent PRBs only.
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