
3GPP TSG RAN WG1 Meeting #76

R1-140073
Prague, Czech Republic, 10th – 14th February 2014
Source:
CATT
Title:
Downlink bandwidth reduction for new category/type UEs
Agenda Item:
7.2.2.1
Document for:
Discussion and Decision
1. Introduction
In RAN1#74bis meeting, downlink bandwidth reduction was discussed. It was agreed to discuss repetition case first. In this contribution, we first discuss the number of PRBs low complexity UEs shall support. Then we analyze the association between repetition case and non-repetition case. At last we analyze resource allocation details for initial and subsequent access for bandwidth reduction.

2. Discussion
According to the WID [1], the downlink channel bandwidth for data channel shall be reduced to 1.4MHz, i.e. 6 PRBs while the control channel bandwidth remains unchanged. The main motivation is to reduce the UE BOM cost for low complexity UEs. However, there are some issues if the downlink channel bandwidth is reduced to 1.4MHz.
· SIB transmission

If the maximum TBS for BCCH is limited to 1000 bits, some issues were identified in [2]. Hence RAN2 asked us to consider keeping the current limit of 2216 bits for BCCH TBS for low complexity MTC UEs. In our companion contribution [3], we analyzed the cost impact if the limit of BCCH TBS for low complexity UEs is extended to 2216 bits. The UE BOM cost increase is no more than 1.6%. In order to avoid the potential issues for SIB transmission, it is worth keeping 2216 bits limit for BCCH TBS.
For BCCH transmission, only QPSK is supported. In order to accommodate 2216 bits in a single transport block, the minimal number of PRBs shall be equal or larger than 9. The number of PRBs shall be further extended to achieve a reasonable coding rate. For example, the coding rate is approximately 0.75 to convey 2216 bits in 12 PRB pairs with QPSK modulation.
· EPDCCH support
According to the current specification, one or two sets of PRB pairs which a UE shall monitor for EPDCCH transmissions can be configured. For each set, 2, 4 or 8 PRB pairs can be used. It is obvious that 6 PRBs would limit EPDCCH support thus negatively impact the performance.
In addition, EPDCCH is transmitted in the data region. In order to achieve the cost reduction of maximum 6 PRBs for downlink channel, the total number of PRBs of EPDCCH and PDSCH in the same subframe cannot exceed 6 PRBs which further restrict EPDCCH and PDSCH scheduling and would impact the performance as well. 

· Repetition times in enhanced coverage mode
For MTC UEs in enhanced coverage mode, the repetition times can be reduced if the coding rate is reduced. For downlink, it can be achieved via allocating more PRBs. However, with 6 PRBs restriction, the coding rate relaxation is very limited.

Considering the analysis above, it is suggested that the number of PRBs for downlink data channel for low complexity UEs is extended from 6 PRBs. A potential trade-off between UE BOM cost and performance is 25 PRBs, i.e. 5MHz for downlink channel bandwidth for data channel.
Proposal 1: The number of PRBs for downlink data channel for low complexity UEs is extended from 6 PRBs.
Proposal 2: The downlink channel bandwidth for data channel for low complexity UE is 5MHz.
The WI “low cost & enhanced coverage MTC UE for LTE” comprises two aspects, i.e. new category UE and coverage enhancement. Our understanding about the relationship between the two aspects is that not all the new category UEs support coverage enhancement and not all the UEs supporting coverage enhancement are new category UEs. In other words, the two aspects are not necessarily be supported together. Therefore, we need to consider the following three scenarios, i.e. scenario A/B/C in the WI.
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Figure 1: Illustration of relationship between new category and coverage enhancement
We agreed to discuss repetition case (Scenario B&C) first since it is more complicated. However, it should be noted that a scheme adopted for repetition case is not a rationale to be adopted for non-repetition case as well. To be more specific, the timing relationship between (E)PDCCH and PDSCH for repetition case and non-repetition case (Scenario A) should be discussed separately.

Proposal 3: Timing relationship between (E)PDCCH and PDSCH for non-repetition case is not necessarily to be the same as repetition case.

For the repetition case, it was agreed that assigned PDSCH is transmitted not before end of (E)PDCCH in order not to increase UE buffer. However, for non-repetition case, it is not expected any additional buffer will be needed compared to legacy UE if cross-subframe scheduling is not introduced. In the constrast, with introduction of cross-subframe scheduling, the eNB scheduling complexity and UE implementation complexity increase at least for scenario A. In addition, additional PDCCH overhead is expected for SIB and possibly RAR scheduling considering the existence of legacy UEs. Combining the analysis in our contribution for the RAN1#74bis meeting [4], we have the following proposal.

Proposal 4: For bandwidth reduction in non-repetition case, PDSCH frequency location is dynamically determined according to the current timing relationship given that the cost saving is acceptable. Otherwise, PDSCH frequency location is pre-defined for the initial access while semi-static for subsequent transmission.
3. Conclusion
Based on the analysis on the potential issues if the number of downlink data channel  bandwidth is reduced to 6, we propose to extend the number of PRBs for downlink data channel for low complexity UEs from 6 PRBs. Furthermore, it is suggest that the downlink channel bandwidth for data channel for low complexity UE is 5MHz. 

For timing relationship between (E)PDCCH and PDSCH, the timing for non-repetition case is not necessarily to be the same as repetition case. For non-repetition case, PDSCH frequency location is proposed to be dynamically determined according to the current timing relationship given that the cost saving is acceptable. Otherwise, PDSCH frequency location is proposed to be pre-defined for the initial access while semi-static for subsequent transmission.
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