3GPP TSG RAN WG1 Meeting #74
R1-133334
Barcelona, SPAIN, 19th – 23rd August 2013

Agenda Item:
7.2.1.4
Source: 
NEC Group

Title:
On Reduced-CRS transmission bandwidth and subframes for NCT
Document for:
Discussion and Decision
1. Introduction
In RAN1#68bis, a baseline design for R-CRS was reached, that a NCT 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. Furthermore, this RS port is not used for demodulation. However, it was not clear on the subframes and bandwidth over which the R-CRS should be transmitted. And we were unable to select from one of the following 3 options for the transmission bandwidth:
· Full system BW,
· Min(system BW, X), where X is selected from {6, 25}RBs, and
· Configurable between full system BW and Min(system BW, X).
In RAN1#73, a feedback was received from RAN4 on their investigation findings relating to the transmission bandwidth based on RAN1’s baseline design of R-CRS. In the replied LS [2], the findings were:
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 

In this contribution, we provide considerations on the remaining aspects for the R-CRS (transmission bandwidth and subframes), and propose our views on suitable configurations.
2. Discussions
2.1. Transmission bandwidth
As the legacy CRS in Rel-8 are always transmitted in all downlink subframes and over the entire system bandwidth on BCT regardless of traffic load in a cell, main motivations of reduced CRS periodicity and only one port are to allow more REs for data mapping (REs of other CRS port 1, 2 and 3, and REs in subframes where R-CRS is not transmitted) in DMRS based transmissions and at the same time reduce CRS interference in HetNet deployments. Additionally, it can also potentially lower power consumption at eNB when there is no data to transmit. With the above motivations, it will be beneficial to limit the R-CRS transmission bandwidth that is sufficient for the purpose of RRM measurement and time-frequency tracking on NCT.
For system bandwidth up to 25 RBs
Based on RAN4’s provided response in [2], it is certain that the transmission bandwidth for the R-CRS port should be the full system bandwidth for system bandwidth up to 25 RBs. However, there was a concern that for system bandwidth of 6 PRBs, the time-frequency tracking performance may not be guaranteed robust even with full CRS bandwidth with 5ms periodicity. If considering legacy UE operation in Rel-8, tracking performance was considered sufficient when measuring only subframe #0 and #5 over the centre 6 PRBs for cell selection. Therefore, it seems to be little motivation to introduce additional transmission of R-CRS (e.g. R-CRS subframes with smaller periodicity or transmitting additional R-CRS port 1, 2 or 4) only for system bandwidth of 6 PRBs.
Our preference is to keep existing agreement of transmitting 1 CRS port (Rel-8 CRS Port 0) within 1 subframe with 5ms periodicity and full system BW for system BW up to 25 RBs. 
For system bandwidth larger than 25 RBs

According to RAN4’s provided response in [2], it is evidenced the minimum R-CRS transmission bandwidth should be at least 25 RBs for system bandwidth larger than 25 RBs. With such finding, this would allow some significant resource saving of up to 75% of CRS REs in 20MHz system (minimum at 50% in 10MHz system) and at the same time still able to satisfy RAN4’s existing minimum RRM measurement requirements.
On the other hand, it is always beneficial to allocate more R-CRS REs to help improve the tracking performance and RRM measurement accuracy, especially in an interference heavy condition at cell edge. Furthermore, full system BW transmission of R-CRS would also support RRM measurement in the case of synchronised NCT. Therefore, it is preferred to adopt the configurable approach between full system BW and min(system BW, X) where X is 25 RBs.
Proposal 1: it is proposed to adopt the configurable approach between full system BW and min(system BW, X) where X is 25 RBs.

2.2. Transmission subframes
As mentioned previously, one main motivation of introducing the R-CRS is to reduce CRS interference to neighbouring cells in HetNet deployments. In the current small cell study, dense deployment of small cells (10 small cells per cluster) is considered. If relying solely on the number of possible frequency shifts in CRS port 0, six possible frequency shifts would seem very limited to avoid CRS collision between the macro and small cells and amount the small cells, even with careful cell-ID planning.
One straight forward approach is by not having a fixed transmission subframe for the R-CRS. Instead of transmitting the R-CRS pattern always in subframe #0 and #5, other downlink subframe-pairs can be also considered (e.g. #1/6, #2/7, #3/8 and #4/9). By further time shifting the R-CRS, collisions can be reduced to one in thirty cells. This can be achieved quite simply basing on the physical cell-ID which can be derived from PSS/SSS (minor RAN1 spec impact) or RRC configured in the case of adding NCT carrier (SCell) in carrier aggregation (minor RAN1/2 spec impact).
For TDD system, the possibility of subframe-pairs is more limited due to not all subframes can be used for downlink transmission or the downlink portion may not be enough to transmit all R-CRS symbols in special subframes.  Alternatives are to transmit the R-CRS in full system bandwidth when the downlink portion in special subframes is not enough and limiting the possible shifts to subframe-pairs #0/5 and #1/6, or time shifting in OFDM symbols within subframe #0 and #5.
Observation: Flexible R-CRS transmission by time shifting in downlink subframe or OFDM symbols would allow reduction in R-CRS collisions and thus randomises CRS interference in HetNet / small cell deployment.
3. Conclusion 

In this contribution, we have provided considerations on R-CRS transmission bandwidth and subframes. The following proposal and observation are drawn:

Proposal 1: it is proposed to adopt the configurable approach between full system BW and min(system BW, X) where X is 25 RBs.

Observation: Flexible R-CRS transmission by time shifting in downlink subframe or OFDM symbols would allow reduction in R-CRS collisions and thus randomises CRS interference in HetNet / small cell deployment.
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