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1. Introduction

During the RAN1#46bis meeting at Seoul [1], it was concluded to have multiple switch points (up to 10) within 10ms radio frame with asymmetric (with symmetric as a special case) UL/DL allocation. It was also agreed later on in the same meeting and meetings in Riga and Sorrento that the subframes #0 and #5 are carrying on P-SCH and S-SCH. These two agreements somehow are not supporting each other very well. In this paper, we would like to discuss the configuration of switching point to support time duplex of E-UTRA TDD, and the consequent performance benefit and flexibility, as well the complexity potentially imposed to the specifications and system design.
2. Discussion
First of all, since the subframes #0 and #5 are carrying on P-SCH and S-SCH within a 10ms radio frame, it is impossible to have 10 switching points at all. The upper limit must be something smaller. It is also common understanding that wherever there is a DL-to-UL switching point, an Idle Period (IP) has to be reserved to resist with self-interference between uplink and downlink, interference of UE-to-UE and NB-to-NB (at least first-tier neighbour NBs) by muting some (at least one) OFDMA symbol(s). The more IP, the more symbols have to be muted, thus less time efficiency for time duplex operation for E-UTRA TDD. Someone may argument that the shorter the time duplex period i.e. the period contains one pair of switching point, the shorter round trip delay, however we observed that the round trip delay is not monotonously decreasing when the duplex period is decreasing, due to the fact that some processing time is required to decode the data packet and the time alternate between downlink and uplink transmission. Actually, the round trip delay could be even quite large. In figure 1, we make an example of 1ms DL + 1ms UL to be a duplex period, here we observe that the round trip time is 6ms per DL and UL retransmission. In figure 2, we make another example of 3ms DL + 2ms UL to be a duplex period, here we observe that the round trip time is 5ms (or even slightly lower than 5ms) per DL and UL retransmission.
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Figure 1, example of duplex period of 2ms, i.e. 1ms DL subframe and 1ms UL subframe, IP locates in the end of DL
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Figure 2, example of duplex period of 5ms, i.e. 3ms DL subframes and 2ms UL subframes, IP locates in the end of DL

It is also noted that the signalling overhead will increase if the number of switching points increase e.g. per 10ms radio frame, and the possibility of using RS from multiple DL/UL for channel estimation become less when the switching points increase per 10ms radio frame.
So, the question regarding to the time duplex of E-UTRA TDD is how many switching point do we need per 10ms radio frame to balance the system complexity, performance in terms of time efficiency and round trip delay, and operators’ flexibility of supporting different traffic profile with various uplink and downlink symmetry, given the subframes #0 and #5 are always transmitting P-SCH and S-SCH.
Based on the discussion above, we think that having 2 kinds of duplex period/space (DP/DS) per 10ms radio frame, i.e. 5ms and 10ms DP/DS, would satisfy best balance among those requirements. The DP/DS for a given LTE carrier is semi-static configured by operators. 5ms option can satisfy the requirement from TR 25.913 [2] thus favours the delay sensitive traffic profile, so that 2 IP is needed per 10ms radio frame; 10ms option need only 1 IP per 10ms radio frame, so that time efficiency increases, it is more suitable for the delay insensitive/best effort traffic profile. Meanwhile, the control signalling overhead required to signal the switching point become minimum i.e. for either 5ms or 10ms DP/DS case, only one switching point position is needed.
3. Conclusions

We propose to have only 1 pair of switch point per 5ms and 10ms to balance the system complexity, performance in terms of time efficiency and round trip delay, and operators’ flexibility of supporting different traffic profile with various uplink and downlink symmetry. And, this should be used as the assumption when we discuss other topics e.g. the content of Broadcast Channel (either P-BCH or D-BCH) and system design of other parts, e.g. downlink/uplink control signalling, HARQ, etc.
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