3GPP TSG RAN WG1 Meeting #79
R1-144815
San Francisco, US, 17th – 21th November 2014

Source:               ZTE

Title:                    Bandwidth reduction for low complexity UEs
Agenda item:      6.3.1.1.2
Document for:    Discussion and Decision

1 Introduction

In RAN1 #78bis meeting, the following agreement was approved [1].
Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.

In this contribution, some concepts on uplink/downlink radio bandwidth reduction are discussed for Rel-13 low complexity UEs.
2 Concepts on bandwidth reduction
2.1 Narrow band configuration
2.1.1 General consideration on narrow band configuration
In order to allow multiple common transmissions with maximum/relative large TBSs within the same subframe, different narrow band locations could be supported for the different common control messages, including SIBs, RAR and Paging. Thus, narrow bands for SIBs, RAR and Paging should be configured respectively. Similarly, in order to avoid or alleviate interference between PRACH and PUCCH, narrow bands for PRACH and PUCCH should also be configured respectively.
For EPDCCH and unicast PDSCH, narrow bands could be configured uniformly or respectively. When the method of uniform configuration is applied, the same narrow band will always be shared for EPDCCH and unicast PDSCH. When the method of respective configuration is applied, the same or different narrow bands may be configured for EPDCCH and unicast PDSCH. The method of uniform configuration is beneficial to save control overhead and reduce specification impact, and the method of respective configuration is helpful to acquire the flexibility of allocation of narrow bands and scheduling. Similarly, the above principle will also be applied to PUCCH and PUSCH.
Considering frequency selective scheduling and CQI measurement, SRS should not be removed at least for normal Rel-13 low complexity UEs. Besides, normal SRS may be transmitted within narrow bands including 4PRBs. In order to avoid or alleviate specification impact and interference between normal SRS and new SRS used for Rel-13 low complexity UEs, new SRS should always occupy 4PRB bandwidth, and be aligned with normal SRS, i.e., new SRS used for Rel-13 low complexity UEs would multiplex with normal SRS in the same narrow bands including 4PRBs.
Proposal 1: Narrow band locations should be configured per physical channel or channel group.
2.1.2 Narrow band configuration for physical channels
Table 2.1.2.1 Potential methods of narrow band location configurations
for different physical channels
	Physical channels
	Fixed
	Semi-static
	Dynamic
	Predefined

	PRACH
	√
	√
	×
	√

	PUCCH
	√
	√
	√
	√

	PUSCH
	√
	√
	√
	√

	SRS
	√
	√
	×
	√

	PDSCH (common)
	√
	√
	√
	√

	PDSCH (unicast)
	√
	√
	√
	√

	EPDCCH
	√
	√
	×
	√


As shown in the table above, potential methods of narrow band location configurations are provided for different UL/DL physical channels. For PRACH, considering flexibility of allocation, the method of semi-static indication via system information would be preferable. For PUCCH, during initial access, fixed or predefined method would be preferable; but once RRC connection is established, considering the balance between the flexibility of allocation and control overhead, the method of semi-static indication via UE-specific RRC message would be preferable; besides dynamic method may also be considered as an optional optimizing means. For PUSCH and unicast PDSCH, in order to acquire maximum frequency selective scheduling gain, the method of dynamic cross-subframe scheduling via DCI signaling would be preferable. For SRS, similar to PUCCH, the method of semi-static indication via UE-specific RRC message would be preferable. For common PDSCH, considering MIB overhead, fixed or predefined method would be preferable for SIB1, but similar to PUCCH, the method of semi-static indication via system information or UE-specific RRC message would be preferable for other SIBs, RAR and paging messages. For EPDCCH, also similar to PUCCH, during initial access, fixed or predefined method would be preferable; but once RRC connection is established, the method of semi-static indication via UE-specific RRC message would be preferable.
Proposal 2: One of four configuration methods, including fixed, semi-static, dynamic and predefined methods can be considered for given physical channel:
· For PRACH and SRS, semi-static method would be preferable;
· For PUSCH and unicast PDSCH, dynamic cross-subframe scheduling would be preferable.

· For PUCCH, EPDCCH and common PDSCH, fixed/predefined and/or semi-static methods would be preferable.
2.2 Consideration on Re-tuning
Different UL/DL physical channels may be located in different narrow bands, e.g., common control messages and unicast PDSCH, EPDCCH and unicast PDSCH, PUSCH and PUCCH, and PUSCH and SRS, etc. When narrow band location is not configured by fixed mode, including semi-static, dynamic and predefined methods, considering re-tuning delay, some restrictions on UL/DL scheduling should be considered to avoid continuous control or traffic data transmission in different narrow bands. If re-tuning delay is less than 200us, legacy control region for DL may be used for re-tuning operation adequately, re-tuning may have no impact on DL scheduling. 
Observation1: Re-tuning may cause the restriction on UL/DL scheduling; but when re-tuning delay is less than the duration of legacy control region for DL, the impact on DL scheduling may be neglected.
2.3 Consideration on DC
Direct conversion receiver has the merits of low cost, low power consumption and small size. When a bandwidth reduced UE with direct conversion receiver operates in the non-central narrow band, some DC subcarriers should be reserved in order to avoid DC offset errors. Since near-zero IF receiver can reduce the impact of DC offset efficiently, there is no need to reserve DC subcarriers for the bandwidth reduced UEs with near-zero IF architecture.  But near-zero IF receiver should be carefully designed to deal with mirror interference and the cost of near-zero IF receiver would be higher. Whether DC subcarriers are reserved should be further considered depending on the cost requirement.
Proposal 3: Whether DC subcarriers are reserved should be further considered depending on the cost requirement.

When the system bandwidth has odd numbers of PRBs (such as 3MHz, 5MHz and 15MHz), there will be some ambiguity of the resource for the central narrow band because DC subcarrier is in the middle of the central PRB. Three methods are given to solve the problem as shown in Figure 2.3.1.
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Figure 2.3.1 The PRB allocation
In Figure 2.3.1 (a), the same location of DC subcarrier is assumed for the narrow band and the legacy carrier. The PRB allocation for 1.4MHz is used for the narrow band. It leads to misaligned PRB mapping for the narrow band and the legacy carrier. The partial PRBs outside the narrow band will be wasted because the schedule granularity is one PRB.
In Figure 2.3.1 (b), the same location of DC subcarrier is also assumed. The transmission bandwidth configuration (NRB) is redefined as 5 PRBs for the narrow band. The PRB mapping is aligned, but the resource available for the transmission of MTC UEs is reduced. 
In Figure 2.3.1 (c), NRB is still 6 PRBs for the narrow band and the PRB mapping is aligned, but the DC for the legacy carrier is not in the center of the 6PRBs. Two and a half PRBs are in one side and three and a half PRBs are in the other side. Thus, it requires the MTC UEs have the ability to receive data in 7 PRBs if the DC subcarrier of the narrow band is same as the legacy carrier. If a DC subcarrier is reserved for the narrow band as shown in Figure 2.3.1 (c), or UE adopts a receiver which can avoid the impact of DC offset, the 7 PRB receiving ability is not required. However, UE needs to retune the central frequency when receiving PBCH, which is transmitted in the central 72 subcarriers like in Figure 2.3.1 (a).
Proposal 4: The problem of PRB mapping should be further considered for the system bandwidth with odd numbers of PRBs.

3 Conclusions

In this contribution, some concepts on uplink/downlink radio bandwidth reduction are discussed for Rel-13 low complexity UEs. We make the following observations and proposals:
Observation1: Re-tuning may cause the restriction on UL/DL scheduling; but when re-tuning delay is less than the duration of legacy control region for DL, the impact on DL scheduling may be neglected.
Proposal 1: Narrow band locations should be configured per physical channel or channel group.
Proposal 2: One of four configuration methods, including fixed, semi-static, dynamic and predefined methods can be considered for given physical channel:

· For PRACH and SRS, semi-static method would be preferable;

· For PUSCH and unicast PDSCH, dynamic cross-subframe scheduling would be preferable.

· For PUCCH, EPDCCH and common PDSCH, fixed/predefined and/or semi-static methods would be preferable.

Proposal 3: Whether DC subcarriers are reserved should be further considered depending on the cost requirement.

Proposal 4: The problem of PRB mapping should be further considered for the system bandwidth with odd numbers of PRBs.
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