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1. Introduction

At the RAN1#67 meeting, support for a non-zero transmit power ABS (or reduced power ABS) [1] was agreed upon [2]. In order to support it, the following impacts on the specifications must be investigated

· Impairments to transmitter and receiver
· PDSCH to CRS power ratio
This contribution discusses these specification impacts.
2. Impairments to Transmitter and Receiver
The transmitter, i.e., base station, is discussed first. As discussed in [3], RE power control dynamic range requirement for the current base station is defined in Table 6.3.1.1-1 in TS 36.104 (See Table I).
Table I – E-UTRA BS RE power control dynamic range
	Modulation scheme
used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


A larger power reduction can be applied only to a lower order modulation level such as QPSK, since the higher order modulation requires strict requirements regarding error vector magnitude (EVM).  While the basic unit of EVM measurement on base station side is defined over one subframe in the time domain in TS36.104 Annex E, significant power reduction on subframe by subframe and large RE power difference between CRS/common channels(signals) and PDSCH would not be assumed in RAN4 discussion. Actual EVM on RE adjacent CRS would suffer from the difference power between REs. 
When the transmission power of a non-zero transmit power ABS is reduced by p dB, the received SINR of the non-zero transmit power ABS is worse than that for the normal subframes.Therefore, the coverage of the non-zero transmit power ABS is smaller than that for normal subframes as shown in Fig. 1. This indicates that data dedicated to the UEs close to the macro eNodeBs must be sent in non-zero transmit power ABSs more frequently than that in normal subframes. As a result, higher order modulation must be sent more frequently in the non-zero transmit power ABSs. This contradicts to the BS requirement in Table I. Therefore, the transmitter impairment must be investigated.
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Figure 1 – Impact of transmitter impairment. 
Regarding to the receiver, the average received power of the PDSCH differs from subframe-by-subframe, although the received power of the CRS remains at the same level, which is different from that in Rels-8/9/10. The PDSCH receiver performance degrades due to the interference from the adjacent CRS, and UE RF impairment such as IQ imbalance and so on. Therefore, this receiver impairment must be investigated. 
3. PDSCH to CRS Power Ratio

As discussed in [4], in order to support non-zero transmit power ABSs, the UE must know the PDSCH to CRS power ratio to demodulate the QAM. 
3.1. Possible Approaches 

· No Additional Signaling for Non-zero Transmit Power ABS
In this approach, all UEs perform demodulation in the same manner as that for normal subframes. When the PDSCH is demodulated by the DM-RS employing, e.g., TM 9, this is not a problem, since the transmission power of the DM-RS can be set to the same level as the PDSCH subframe-by-subframe. However, when the PDSCH is demodulated using the CRS employing, e.g., TM 3, or 4, the UE cannot demodulate the QAM properly. 
· Additional Signaling to Support Non-zero Transmit Power ABS
In this approach, additional signaling must be defined [3]. 
· PDSCH to CRS power ratio: In addition to the PDSCH to CRS power ratio for normal subframes, the PDSCH to CRS power ratio for non-zero transmit power ABSs must be signaled to the UE.
· Normal/ABS pattern: In order for the UE to employ two different PDSCH to CRS power ratios, the UE must know the normal or reduced power levels to demodulate PDSCH. 
Before discussing Rel-11 employing non-zero transmit power ABSs, the specification defined in Rel-10 employing zero-power ABSs is briefly discussed. In Rel-10, the following three types of subframes are assumed as shown in Fig. 2(a). 

· Subframes semi-statistically configured as normal subframes

· Subframes semi-statistically configured as ABS

· Subframes dynamically configured as normal or ABS

Based on the above configurations, the UEs are configured with the measurement subframes to derive the CSI for normal and ABSs via higher-layer signaling semi-statistically, which is described in Fig. 2(b). Although it is difficult to configure the measurement subframes frequently, it is possible to configure normal and ABSs dynamically, which are not configured as measurement subframes as shown in Fig. 2(c).
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(a) Three types of resources
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(b) Higher-layer signaling for UE to derive CSI for normal and ABSs
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(c) Example
Figure 2 – Measurement resources.
In Rel-10, the UEs are required to demodulate the PDSCH for normal subframes only. On the other hand, to employ non-zero transmit power ABSs, the UEs are required to demodulate the PDSCH for non-zero transmit power ABSs in addition to normal subframes. Furthermore, in order for the UEs to measure the reference signal received power (RSRP) for, e.g., handover, the transmission power of the RSs in the non-zero transmit power ABSs retain the same level as that for normal subframes as shown in Fig. 3. 
When the UE are configured to use DMRSs to demodulate the PDSCH such as the TM 9, the DM-RS can be configured with the same level as the PDSCH. Therefore, there is no problem. 
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(a) Zero transmit power ABSs (Rel-10)

[image: image6.emf]1 subframe

Time

Normal subframes 

Non-zero transmit power ABSs 



Need to demodulate PDSCH

Transmit power

CRS


(b) Non-zero transmit power ABSs (Rel-11)
Figure 3 – Problem with non-zero transmit power ABSs.
However, the CRS is used to demodulate the PDSCH employing TMs 3, and 4, the PDSCH to CRS power ratio must be known at the UE for each subframe. For this purpose, the following are considered.
· Alt. 1: Additional bitmap-based signaling to derive the PDSCH to CRS power ratio.
· Alt. 2: Implicit method to derive the PDSCH to CRS power ratio. An additional PDSCH to CRS power ratio is used only for measurement resource 2, i.e., ambiguous resources are treated as measurement resource 1
· Alt. 3: PDCCH to carry additional information. Some example are given below.
· Alt. 3-1: Only employ one PDSCH to CRS power ratio for one UE. More specifically, the UE always assumes a normal or non-zero power ABS when the PDSCH is assigned. However, a fallback mode, e.g. employing format 1A, can be used to indicate that the normal subframe is assigned to the UE.
· Alt. 3-2: Employ an additional bit to indicate which power ratio is used (or one codepoint is modified to indicate which power ratio is to be used)
· Alt. 3-3: Employ UE-specific scrambling to indicate which power ratio is to be used (Similar to antenna switching in Rel-8)
In Alt. 1, bitmap-based signaling is additionally introduced to indicate which power ratio should be used as shown in Fig. 4(a). In this scheme, UEs can be grouped into, e.g., two as shown in Fig. 4(b). Although full flexible scheduling is not performed, after dynamic decision of which resources are used in the subframes, scheduling is applied within one group. For example, the eNodeB scheduler decides that the 4th subframe in Fig.4(b) is a normal subframe. Then, the scheduling selects the UE from UE group A, since these UEs assumes the PDSCH to CRS power ratio for normal subframes. Furthermore, the eNodeB scheduler decides that the 5th subframe in Fig. 4(b) is also a normal subframe. In a similar manner, the scheduler selects the UEs from the UE group B.　
In Alt. 2, based on the measurement resources signaled via RRC signaling can be implicitly used to derive the PDSCH to CRS ratio. However, this method limits the flexibility of the scheduler and enables almost semi-static control as shown in Fig. 5. 
In Alt. 3, the PDCCH is used to indicate which power ratio should be used. Figure 6 shows an example of Alt. 3-1. In the scheme, only one of the PDSCH to CRS power ratios is used. However, by allocating the PDSCH using the fallback mode, i.e., format 1A, the UE always assumes that the PDSCH to CRS power ratio is that for normal subframe. 
Among these alternatives, we currently prefer to allow for dynamic change in the ABS ratio, i.e., Alt. 1 or 3.  
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(a) Additional bitmap-based signaling
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(b) Example

Figure 4 – Example of Alt 1. 
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Figure 5 – Example of Alt 2. 
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Figure 6 – Example of Alt 3-1.

4. Conclusion

This contribution described the impact on the specification when applying non-zero transmit power ABS. 
· Impairments to the transmitter and receiver must be discussed in RAN1 and RAN4

· In order to support effectively TMs 3 and 4 for non-zero transmit power ABSs and allow dynamic change in the ABS ratio, Alt. 1 or 3 should be considered for signaling to PDSCH to CRS power ratio
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