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Discussion and Decision
1 Introduction

New carrier types have been discussed in the previous 3GPP RAN1 meetings. Some working assumptions were agreed on such new carrier type [1], i.e., 
· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded. 

It was agreed that the new carrier type design shall take into account both cases, i.e., synchronized and unsynchronized carriers [2]. 
In a previous contribution [3], we made the following proposals regarding backwards compatibility, DL control region and reference signal of the new carrier type
· No backward compatibility restriction to the new carrier type in Rel-11. 

· For such non-backward compatible carrier, no PDCCH region is defined. 
· RAN1 to clarify if CRS-based transmission modes are to be supported for the new carrier type in order to decide if removing CRS or reducing CRS is possible 

In this contribution, we further discuss the new carrier type in Rel-11. More specifically the following aspects are discussed
· Definition of synchronized and unsynchronized carriers

· Acquisition/synchronisation/tracking and RS for synchronized and unsynchronised carriers 

2 Further Discussions on New Carrier Type 
2.1 Definition of synchronized and unsynchronized carriers
It has been clarified in [2] that whether a carrier is synchronized or unsynchronized is from the perspective of the UE receiver. As we discussed in [3], carrier aggregation can be UE specific (i.e., in terms of PCell configuration and the set of CCs configured), which means that one carrier of new type can appear synchronized for one UE but unsynchronized for another UE. One example is for CA scenario #5 in Annex J.1 of TS 36.300, where frequency selective repeaters are deployed so that coverage is extended for carrier with frequency F2 (where frequency F1 is used for macro coverage). With this example, if UE #1 happens to be located close to the repeater, the DL reception timing difference between the carriers can be up to 31.3us due to different propagation delays from the eNB and the repeater. However, for UE #2 which is close to the eNB, the DL reception timing difference mainly comes from BS timing difference for the different frequencies, which is up to 1.3us. Another example is when multiple components carriers are deployed in different frequencies bands, e.g., {CC#1, CC#2} in Band #A and {CC#3, CC#4} in Band #B. UE #1 configured with CC#1 and CC #2 (intra-band) can assume that the DL timing for the two CCs align perfectly, while UE #2 configured with inter-band CA, e.g., CC #3 and CC #2 there can be up to 1.3us timing difference even when the transmitters of both carriers are co-located.  Also, it is noted that even eNB may not always know if a UE is connected to a repeater or not. Based on the discussions, we have the following observation

Observation #1 Whether a carrier is synchronized or unsynchronized is UE-specific, due to the fact that carrier aggregation can be UE specific, and may not be known to eNB
There have been proposals that the in order to provide flexibility, the presence of reference signals and/or synchronization signals on the new carrier type can be configurable. We suggest that the above observation is taken into account when discussing on the configurability of the respective signals.    
2.2 Synchronized Carriers
In [2], a synchronized carrier is considered as a carrier where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver and the time and frequency tracking can be based on the legacy carrier (e.g., in some cases that of Primary cell). It is also straightforward that in this case the legacy carrier needs to be indicated to UE as the proper time and frequency reference, e.g., during SCell configuration. 
On the other hand, it still needs to be clarified whether synchronization channels such as PSS/SSS exist on the new carrier type. Although such signals are not necessary from synchronization point of view, they may be needed for other procedures such as measurements and cell search, etc. According to TS 36.331, the measurement procedures distinguish the following types of cells:

1.
The serving cell(s)– these are the PCell and one or more SCells, if configured for a UE supporting CA.

2.
Listed cells - these are cells listed within the measurement object(s).

3.
Detected cells - these are cells that are not listed within the measurement object(s), but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).  
At least for the third case above, the UE needs to obtain the cell ID via PSS/SSS for measurement. Based on this we have the following observation
Observation #2 To conclude on the need of PSS/SSS on the new carrier type, it has to be first clarified whether UE is required to detect the new carrier type autonomously.  

Considering the case when PSS/SSS exist on the new carrier type, if BCH doesn’t exist on the new carrier type as some have proposed, a legacy UE which is not aware of this would still search PSS/SSS and then tries to decode BCH. Therefore we suggest further discussions on the possible impact to UE cell search, if there is PSS/SSS but no BCH mapped to the new carrier type.
2.3 Unsynchronized Carriers

As characterized in [2], an unsynchronized carrier cannot simply reuse the time and frequency tracking from the legacy carrier. As discussed in [3], in this case it is necessary that UE is provided signals to independently track the timing and frequency of the new carrier type. To address the large timing difference range, PSS/SSS are necessary on unsynchronized carrier for UE to get an initial time and frequency synchronization. Besides, UE needs to continuously track the time and frequency error. There have been different proposals on the exact signals for such purpose. For example, in [4] and [5] it is proposed to reuse CRS for synchronization, and the RS overhead is minimized by    existing configurations, e.g., only one port configured or based on certain MBSFN pattern, with further configurability put FFS. In [6] it is proposed to use CSI-RS resources instead of CRS. 
As suggested in [7], comparisons of different possible alternatives shall be based on the exact performance requirement for time and frequency tracking. In Table 1 below we provide rough estimation on the maximum time and frequency error estimation ranges based on the pilot density in the frequency and time domain. Two examples are considered, a) 1-port CRS and b) the CSI-RS pattern (two CSI-RS sequences are provided different slots) given by Figure 2 in [6]. From the table it can be observed that due to lower pilot density with b) the maximum error estimation range is reduced in both time and frequency domain. However, how this will translate into performance difference is conditioned on the way the requirements have been put on accuracy, e.g., in TS 36.133 and TS 36.101. 
Table 1 Maximum time/frequency error estimation range
	
	a) 1-port CRS
	b) CSI-RS pattern [6]

	Pilot Spacing in Frequency (Number of SCs) / Range of Time Error (us)
	6 / ±5.5us
	12 / ±2.75us

	Pilot Distance in Time (Number of subframes) / Range of Frequency error (khz)
	0.28 / ±1.75khz
	0.5 / ±1khz


As CRS design has taken those related performance requirements into account, at this stage it seems reasonable to take 1-port CRS as baseline for reference signal for the time and frequency tracking on the new carrier type, i.e., single port CRS is transmitted on the new carrier type if further overhead reduction is not configured. Furthermore, as summarized in section #1, the working assumption is to consider a new carrier type with “at least reduced or eliminated legacy control signalling and/or CRS”, it seems useful to further consider to what extent the CRS can be reduced. For example, the impact from restricting CRS to a subband instead of entire bandwidth or to a subset of subframes instead of each subframe can be further investigated. If no CRS, but only CSI-RS is used as reference, it needs further evaluation whether current CSI-RS density needs to be increased to meet the requirement. In our understanding, such discussions shall involve RAN4 if performance requirement is to be relaxed due to reduced reference signal density.
Recommendation #1 

· 1-port CRS is the baseline for time and frequency tracking signal for unsynchronized carrier.   

· To further investigate the impact and overhead saving from 
· restricting CRS to a subband or a subset of subframes, or

· eliminating CRS but use only CSI-RS

, and to consult RAN4 on performance when necessary. 
Note that the discussions above haven’t taken into account any CRS-based transmission mode on the new carrier type, which as we discussed in [3] is another issue that has to be clarified.  

3 Conclusions
In this contribution, we have further discussions on the new carrier design (both synchronized and unsynchronized cases) for LTE Rel-11. Some observations and recommendations are made as the following. 
Observation #1 Whether a carrier is synchronized or unsynchronized is UE-specific, due to the fact that carrier aggregation can be UE specific, and may not be known by eNB. 

Observation #2 To conclude on the need of PSS/SSS on the new carrier type, it has to be first clarified whether UE is required to detect the new carrier type autonomously.  

Recommendation #1 

· 1-port CRS is the baseline for time and frequency tracking signal for unsynchronized carrier.  

· To further investigate the impact and overhead saving from 

· restricting CRS to a subband or a subset of subframes, or

· eliminating CRS but use only CSI-RS

, and to consult RAN4 on performance when necessary. 
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