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1 Introduction
In RAN4 #63, the LS on the RS for additional carrier types for carrier aggregation enhancement was received from RAN1 [1] and the corresponding RS port bandwidth was discussed from the perspective of both time and frequency tracking accuracy and RRM measurements. 
In RAN4 #64bis, there was substantial discussion on the RS port bandwidth for RRM measurements. However, RAN4’s opinion is split between the full system bandwidth [2] and 25 RBs [3].
In this paper we summarize the discussion and provide further clarification on the RS port bandwidth for RRM measurements. 
2 Agreements in RAN1 #68bis
The excerpt from the RAN1 LS [1] is quoted below:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

According to the above RAN1 agrement in an unsynchronized additional carrier type (aka new carrier type) the RS port will be transmitted in 1 subframe every 5 ms. However, whether the RS port should be transmitted over full system BW or over smaller BW is still FFS. 
3  RS port bandwidth for RRM measurements
The requirements related to RRM measurements and other functionalities, which are defined in TS 36.133 and will use the RS port, are listed below: 

· RSRP related requirements

· RSRQ related requirements

· Cell identification requirements

· Radio link monitoring

· UE autonomous transmit timing adjustment
· UE Positioning

In [4], we analyzed the impact of new carrier type on RRM requirements defined for measurements and functionalities which use the RS port as follows:
1. Reduced periodicity of RS port transmission in one subframe per 5 ms may not significantly affect the RRM requirements related to measurements and functionalities relevant for the NCT.

2. RS port transmission only on the Rel-8 CRS antenna port # 0 is sufficient for measurements and functionalities relevant for the NCT.

3. The RS port is transmitted over larger bandwidth and, preferably, over the full system bandwidth, especially due to RSRQ related requirements and UE autonomous transmit timing adjustment. 
In the following, we discuss the RS port bandwidth for RRM measurements, taking into consideration the RSRP/RSRQ related requirements and the UE autonomous transmit timing adjustment.
3.1 RSRP/RSRQ related requirements

With regard to the measurement bandwidth, RAN4 has identified scenarios where larger measurement bandwidth for RSRQ is needed to reflect the cell quality more accurately in [5-6] (and the references therein). Similar scenario may exist on NCT e.g. one or more neighbor cells on NCT may belong to UTRA FDD or operate over smaller bandwidth. We therefore believe that it is desirable to have the RS port transmitted over larger bandwidth. We prefer the use of the entire system bandwidth for RSRQ measurements.
In the definition of RSRQ in TS 36.214, it is pointed out that, for RSRQ measurements, both RSRP and RSSI should be measured over the same set of resource blocks as excerpted below:

Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

This implies that RSRP should be measured over the same bandwidth as RSRQ to comply with existing specification, requirements and UE implementation. In RAN4 #65, it was proposed that there should be a possibility of having the measurement bandwidth of RSSI larger than the measurement bandwidth of RSRP. However, we have not seen technical problem or limitation with the current definition of RSRQ that justifies the proposal and, more importantly, any modification to RSRQ may have a significant impact on the UE and network implementation, signaling reporting range etc.  
In scenarios identified in [5-6], the UE will have to measure over larger BW which can be up to full system BW. Therefore, we propose to use the full system bandwidth for both RSRP and RSRQ measurements.
· Proposal#1: RSRQ may have to be measured over the full system bandwidth depending upon deployment scenario.
· Proposal#1A: RSRP and RSSI parts of RSRQ are measured over the same BW as in existing specifications

3.2 UE autonomous transmit timing adjustment

The UE transmit timing requirements are defined in TS 36.133. According to these requirements the UE is required to follow the change in the frame timing of the serving cell. The UE needs to maintain the initial transmission timing error within the specified limit with respect to the change in the downlink timing. The UE uses the RS port for following the downlink frame timing. There are two sets of requirements:

· UE initial transmit timing error limit requirements

· UE maximum autonomous adjustment step (applicable only in non-DRX).

Both sets of requirements are defined as a function of system bandwidth (downlink bandwidth of serving cell). This means that the UE transmit timing requirements are specified based on the assumptions that the UE uses the full system bandwidth, i.e., the full bandwidth of the RS port that is transmitted over the full system bandwidth. 
The existing timimg related requirements are generic but are derived assuming static radio conditions. The corresponding test cases are therefore also defined in AWGN. 

Indeed, the legacy UE is mostly designed to use the full system bandwidth. Therefore, if the RS port is not transmitted over the full system bandwidth, the UE may fail to perform reliable UE transmit timing adjustment in practice, especially in case of less benign link condition such as significant frequency selective fading.

· Proposal#2: The RS port needs to be transmitted over the full system bandwidth to meet all the requirements related to UE autonomous transmit timing adjustment. 
3.3 UE Positioning

Study item proposal “Positioning enhancements for E-UTRA” [7] suggests that the existing UE positioning performance for OTDOA and E-CID based on UE Rx-Tx time difference measurement can be improved by larger available bandwidths (e.g. 15 and 20MHz for OTDOA and 10, 15, and 20 MHz for E-CID based on UE Rx-Tx time difference measurement).  This applies to carrier aggregation case as well, and by extension to NCT.
· Proposal#3: In order to improve exisiting UE positioning performance, UE Rx-Tx time difference may have to be measured on large bandwidths (up to full system bandwidth). 
4 Summary
In this paper, we have provided the rationale for transmission of RS port with full system bandwidth. More specifically, we propose the following three points:
· Proposal#1: RSRQ may have to be measured over the full system bandwidth depending on deployment scenario.
· Proposal#1A: RSRP and RSSI parts of RSRQ are measured over the same BW as in existing specifications.
· Proposal#2: The RS port needs to be transmitted over the full system bandwidth to meet all the requirements related to UE autonomous transmit timing adjustment.
· Proposal#3: In order to improve exisiting UE positioning performance, UE Rx-Tx time difference may have to be measured on large bandwidths (up to full system bandwidth). 
5 References
[1] R1-121900, “LS on the RS for additional carrier types for carrier aggregation enhancement”, RAN1 LS to RAN4.
[2] R4-126057, “Way forward on RS port bandwidth for new carrier type (NCT)”, Ericsson/ST-Ericsson, Qualcomm Incorporated, Renesas Mobile Europe Ltd., Intel Corporation, Samsung, NTT DoCoMo.

[3] R4-126054, “Way forward on NCT”, Huawei, HiSilicon, ALU, Nokia, NSN, ZTE, LGE.

[4] R4-122673, “Impact of reduced CRS in new carrier type on RRM requirements”, Ericsson, ST-Ericsson.
[5] R4-122205, “Way Forward on RSRQ measurement bandwidth”, Renesas Mobile Europe, Samsung, NTT DOCOMO, Huawei, Hisilicon, ZTE, Nokia.
[6] R4-123569, “Way Forward on RSRQ bandwidth”, NTT DOCOMO, Renesas Mobile Europe Ltd.,Ericsson, ST-Ericsson, Huawei, HiSilicon, Qualcomm Inc., Research In Motion UK Limited., Alucatel-Lucent, Samsung.
[7] RP-130374, “New SI: Positioning enhancements for E-UTRA”, Huawei, HiSilicon.
PAGE  
1

