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Discussion and decision
1. Introduction
At RAN#58, the work item on “New carrier type for LTE” [1] was approved and aims in the first phase to continue the work on NCT aggregated with a legacy LTE carrier. 3GPP RAN further gave the guidance that the work should proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. 
Based on the Rel-11 work during 1H/2011, the following related agreements are available:
Agreement from RAN1#68bis [2]:

· Rel-8 PSS/SSS sequences are transmitted

Agreement from RAN1#69 [3]:
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

And the work was suspended with the status after RAN1#69bis captured in [3]:

· Study Alternatives 1 and 3 (see details below)
· Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 
· “… realisation that there would be collisions between DM-RS and CSI-RS if the DM-RS patterns were changed to another existing DM-RS pattern (and also collision with PSS in DwPTS).” 
· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS 

· 1b: change relative locations of PSS/SSS

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

In this contribution we discuss the pros/cons of the different available options to resolve the issue of PSS/SSS and DM-RS collision. 
2. Discussion of alternatives
2.1 Keep PSS/SSS locations

Two remaining approaches have been discussed in RAN1 during Rel-11:

· Alt. 3a: Puncture DM-RS 

· Alt. 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

Refraining from transmitting PDSCH on PRBs containing PSS/SSS (Alt. 3b) would be from specifications point of view of course the most straightforward method, as this would not require any additional specification and implementation efforts as such compared to Rel. 11 TM9-10. From this point of view, this alternative looks very interesting, but this would mean that these PRBs are lost in terms of resource utilization, which will directly impact on cell capacity. In Table 1 below, we show some examples of relative PDSCH resource reduction neglecting any reference signal or common channel overhead here.

	NCT Bandwidth
	1.4MHz
	5MHz
	10MHz
	20MHz

	# of PRBs
	6
	25
	50
	100

	Relative PDSCH resource reduction
	~ 20%
	~4.8%
	~2.4%
	~1.2%


Table 1: Relative approximate reduction in available PDSCH resources by 
preventing PDSCH transmissions in PRBs with PSS/SSS according to Alt. 3b.

As we can see from Table 1, we can expect some loss in NCT carrier throughput due to the unused potential PDSCH resources, which might vary from a rather big loss in case of narrowband carriers to a rather small loss for wideband NCT carriers. If the main use case for NCT aggregated with a legacy carrier is on wideband deployments, preventing PDSCH transmission in PRBs with PSS/SSS clearly becomes an interesting alternative. 
Observation1: In case operators mainly intend to deploy NCT for wideband carriers, not allowing PDSCH transmissions in PRBs with PSS/SSS becomes a very interesting alternative as the loss due to this method becomes marginal. 
The second alternative would be to allow PDSCH operation in PRBs with PSS/SSS and just puncture the DM-RS accordingly (Alt. 3a). The reduced DM-RS density will clearly have an effect on the decoding performance on the PRBs carrying PSS/SSS as indicated in [3] and will decrease the overall throughput slightly compared to the case of having full DM-RS available. However, it needs to be further analyzed how significant this degradation is considering the most likely NCT deployments (in terms of e.g. bandwidth). Of course, puncturing DM-RS will require new related RAN4 performance requirements as well as modifications in the UE modem implementation.

Comparing these two methods now (Alt. 3a and 3b), the preference might be a bit depending on considered carrier bandwidth. For narrowband NCT, puncturing DM-RS (Alt. 3a) will from cell throughput point of view have clear advantages whereas for wideband NCT, just leaving the PSS/SSS PRBs (Alt. 3b) becomes an interesting simple option as the throughput loss compared to the DM-RS puncturing approach is very small. 
Observation 2: Depending on the considered typical NCT bandwidth, either Alt. 3a (DM-RS puncturing) or Alt. 3b (no PDSCH on PSS/SSS PRBs) might be the preferred solution. Further analysis will be needed to evaluate the system performance related trade-offs with these options.
Correspondingly, we suggest to request operator feedback on their planned NCT aggregated with a legacy carrier deployments.
Proposal 1: Request operator input on their planned NCT deployments in terms of bandwidth before deciding between the available alternatives overall.
2.2 Moving PSS/SSS

Several different proposals have been made during the Rel. 11 studies to move the PSS/SSS locations in time, by either keeping the relative locations of PSS and SSS from Rel. 8 (Alt. 1a) and freely moving PSS and SSS separately to different OFDM symbols (Alt. 1b). 

Based on our Rel-11 discussions in [5], we would like to repeat here our observation that the there is no issue for legacy UEs considering keeping the relative positions of PSS/SSS (in Alt. 1a and 3a/b): 
Observation 3: The existing higher layer mechanisms are sufficient to handle legacy UEs’ access to NCT cell, and whether PSS/SSS on NCT cell is visible to legacy UEs is not an important issue. Preventing legacy UEs from acquiring/detecting NCT cells should not be the main driver for new PSS/SSS locations on NCT.

The drawback of moving PSS/SSS compared to Rel-8/9/10/11 positions is that the number of possible hypothesis in the cell search operation for the UE increases from two (FDD/TDD) to four. This becomes problematic especially in possible co-channel deployment of legacy and NCT. Therefore careful studies would be needed before agreeing on modified PSS/SSS locations. Furthermore, implications of potentially supporting stand-alone operation of NCT may also need to be taken into account in PSS/SSS design.  
Observation 4: Careful studies will be needed before adopting new PSS/SSS positions for NCT aggregated with a legacy LTE carrier compared to the LTE legacy carrier case.
3. Conclusions
In this contribution, we discuss PSS/SSS issues for NCT aggregated with a legacy LTE carrier. The discussions in this document and the corresponding observations:
· Observation1: In case operators mainly intend to deploy NCT for wideband carriers, not allowing PDSCH transmissions in PRBs with PSS/SSS becomes a very interesting alternative as the loss due to this method becomes marginal. 
· Observation 2: Depending on the considered typical NCT bandwidth, either Alt. 3a (DM-RS puncturing) or Alt. 3b (no PDSCH on PSS/SSS PRBs) might be the preferred solution. Further analysis will be needed to evaluate the system performance related trade-offs with these options.
· Observation 3: The existing higher layer mechanisms are sufficient to handle legacy UEs’ access to NCT cell, and whether PSS/SSS on NCT cell is visible to legacy UEs is not an important issue. Preventing legacy UEs from acquiring/detecting NCT cells should not be the main driver for new PSS/SSS locations on NCT.

· Observation 4: Careful studies will be needed before adopting new PSS/SSS positions for NCT aggregated with a legacy LTE carrier compared to the LTE legacy carrier case.
lead to the following proposal:
Proposal 1: Request operator input on their planned NCT deployments in terms of bandwidth before deciding between the available alternatives overall.
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