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1  Introduction
In the last RAN4#64bis meeting, there was no consensus on whether there is a need to specify new UE RRM requirements for timing error and frequency error requirements, as in [1][2]. 
In this contribution, we analysed the UE receive timing error and frequency error and proposed a way forward. 
2 Discussions
In [3][4], it was discussed that since Re1-11 DL-CoMP is only based upon CRS-based measurement procedures, no new RRM requirements will be needed. However, the issues of additional timing/frequency error due to DL-CoMP operation have been raised in [2]. 
UE Receive Timing Error

In LTE, UE timing requirements are broadly categorised into a few requirements specified in [5], and depicted in Figure 1. 
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Figure 1: UE Transmit Timing Requirement Types

It can be seen from Figure 1 that there is no corresponding receive timing requirement. It is understood that UE receive timing window is mainly to align the FFT processing in order to mitigate ISI. Therefore, it is implementation specific, i.e. how to UE can compensate the OFDM symbol timing offset. 

The UE receive timing error consists mainly of channel delay spread, TP’s transmit timing error and UE processing delay. Under DL-CoMP operation, inter-TP transmit timing also contribute to the UE receive timing error. This is due to the fact that signals transmitted from different TP could arrive at different time offset. How the UE can sample the signals at different time instants can be illustrated in Figure 2. 
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Figure 2: UE FFT processing windows

Consider the non-coherent JT scheme with 2 TP in the cooperating set, assuming also Behaviour B, where non quasi-colocated RS ports w.r.t. {delay spread, Doppler shift, Doppler spread, Average gain, Average delay} is assumed, so the propagation delay will be worse compared to Behaviour A. 

However, UE's IDFT processing window can be readily adjusted based on the DL reference timing and therefore it is expected that the total UE received timing error will be unlikely to be bigger than CP length (144Ts) because in RAN4 the BS's timing error requirement at most is 40Ts (Ts = 1/(15000*2048)), leaving a bad delay spread in excess of 104Ts.  Under typical urban channel RMS delay spread, the maximum delay spread is in excess of [image: image3.png]


= 30Ts [6]. 
For inter-TP timing offset, with inter-site distance in excess of a few hundred meters, this is more severe for DPS scheme. However, depending on how the UE compensate the timing offset, i.e. UE post adjust any additional phase rotation of the received signal. Alternatively, each TP can also pre-adjust the transmit signal to compensate the inter-TP timing offset. 

Based on above, to specify additional UE receive timing error in [5] would not be plausible as
- new definition on UE receive timing requirement will be needed

- UE receive timing error would not be

- UE can compensate inter-TP timing offsets via its implementation. For single-TP transmission, UE receive timing processing should be similar to Rel-8/9/10 implementation. 

So, 

Proposal 1: No need to specify additional UE receive timing requirement

Nevertheless, it is thought to be important to be able to ensure good UE performance under those additional timing offset error. To achieve this, UE demodulation test can be carried out under Behaviour B. Therefore, in the light of no UE receive timing requirement, we propose the following way forward:

Way forward 1:  Specify/further study inter-TP timing offset in the UE PDSCH demod test for DL-CoMP
UE Frequency Error

Conceptually, frequency error or offset attributed by the TPs under DL-CoMP operation can be composed of carrier frequency offset (due to imperfection in UE’s internal clock circuitry such as PLL, oscillators), Doppler shift and BS’s frequency error. 
In [2], it was assumed that 5 ms CSI-RS symbol periodicity is used as a minimum CSI-RS periodicity configuration for DL-CoMP operation, where +/- 100 Hz of pull-in range was provided with such short periodicity. The main issue is the inter-TP frequency offset. 

Also, with 2 GHz carrier frequency, the worst case small cell frequency error can be +/- 500 Hz [7]. This is particular pertinent to CoMP scenario 4, where CoMP cooperating set could be a mixture of small cells and macro-cells. For small to medium speed, Doppler shift can be in excess of 70 Hz as in [6], which leads to additional frequency error of +/- 70 Hz. However, this error seems to be less significant compared to others. 

Taking into consideration of all the source of frequency error, we can safely assume that total frequency offset would not be greater than 1 subcarrier spacing (i.e. 15 kHz). Therefore, severe inter-subcarrier interference can be avoided.   
Furthermore, UE implementation of frequency tracking and frequency error correction can be used to mitigate those frequency offsets. 

Given that DL-CoMP operation should be transparent to UE and based on the analysis above, we propose that

Proposal 2: No new RRM requirement is needed for DL-CoMP 
However, for the issue of PLL pull-in range, 
Way forward 2: Introduce inter-TP frequency offset in the UE demod test.  

3 Conclusions
In this contribution, we provided our analysis, proposals and way forward on the DL-CoMP RRM requirements. 
Proposal 1: No need to specify additional UE receive timing requirement

Proposal 2: No new RRM requirement is needed for DL-CoMP 
Way forward 1:  Specify/further study inter-TP timing offset in the UE PDSCH demod test for DL-CoMP
Way forward 2: Introduce inter-TP frequency offset in the UE demod test.  
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