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1.  Introduction

The design of DL/UL control signalling for LTE is discussed in past several RAN1 meeting. But the emphasis of argument is focused on LTE FDD. Because the distinct transfer mechanism between TDD and FDD, the special control signalling scheme that is different from FDD must be studied for LTE TDD. In [1], the position of control channel for LTE TDD is proposed. And this contribution will discuss the control signalling format associated with TTI indication for LTE TDD with alternative frame structure.
2.  Discussion
The control channels location proposed in [1] is in the first TTI after the switch point from UL to DL in previous half frame and TS0 in next half frame for alternative TDD frame structure, and FDM is preferred in multiplexing control signalling and data in one TTI. For instance, as in Figure 1, control signalling lies in TS4 of half frame N and TS0 of half frame N+1 in the typical alternative TDD frame structure in which the UL to DL switch point is after TS3. 
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Figure 1 Location of control signalling in alternative TDD frame structure

In Figure 1, the control signalling transmitted in TS4 of half frame N will not only schedule the resource in TS4, TS5, TS6 of same half frame, but also TS0, TS1, TS2, TS3 of half frame N+1. The control signalling transmitted in TS0 of half frame N+1 will only schedule the resource in TS0, TS1, TS2 and TS3 of same half frame because it is later than TS4 in half frame N.
It is not necessary to carry any TTI information in control signalling in LTE FDD, since a fixed latency exists between the transmitting occasion of control signalling and the TTI in which the resource is allocated. But in LTE TDD, some TTI indication mechanism in control signalling is necessary to indicate the UE which TTI the resource assigned for it is in. There are two ideas in designing the TTI indication mechanism, one is adding an explicit field in control signalling format to denote the location of resource allocated, and the other is implicit by pre-determining the mapping between control channels and TTIs before data scheduling.
Two schemes derived from the first idea:

· Scheme A: Adding a bitmap field in scheduling information;
· Scheme B: Adding a TTI SN field in scheduling information;
Another scheme can be obtain from the second idea:

· Scheme C: Pre-configuring the mapping relationship between control channels and TTIs.
The residual part of this section will discuss these three schemes in detail.
2.1 Scheme A
A 7bits bitmap field is needed in scheduling information when the control signalling are carried on the control channels in TS4 in Figure 1, Whereas a 4bits bitmap field is needed if control signalling is transmitted in TS0. To simplify the control signalling format, only the 7bits bitmap field should be adopted. In this case, the resource indication part of control signalling may include ID (UE or group specific), Bitmap and Resource Assignment at least, like Figure 2.
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Figure 2 Resource Indication part of UL/DL control signalling in Scheme A
With the typical configuration of switch point in Figure 1, the bits in Bitmap field from HSB to LSB is associated separately with the TS4, TS5, TS6, TS0 in half frame N, and TS0, TS1, TS2, TS3 in half frame N+1. Assuming 1 in Bitmap field means that there is resource assignment in corresponding TTI, and 0 means no. When the scheduler intends to schedule the UE in one of TTIs, the related bit will be set to 1 in Bitmap field, and the RU/PRB aggregate is denoted by Resource Assignment field. It is also possible that more than one bit are set to 1 in Bitmap field, but there is still only one Resource Assignment field following the Bitmap field to maintain the control signalling format unique. In this case, the same RU/PRB aggregate indicated by Resource Assignment field in different TTI will be allocated to a UE at same time. For example, while the Bitmap field is set to 0010000, only the PRB aggregate in TS6 is assigned to UE; when the Bitmap field is 0000111, it means the same RU aggregate in TS1, TS2 and TS3 are allocated to UE simultaneously.
Scheme A provides enough flexibility to satisfy the scheduling requirement for LTE TDD by introducing 7bits control overhead. The whole control overhead would be decreased by always attempting to allocate uniform RU/PRB aggregate in different TTIs for same UE by setting more than one bit to 1 in Bitmap field, but this also increases complexity for resource allocation algorithm and reduces the scheduling flexibility. From the viewpoint of UE capacity, it is possible to realize the resource scheduling in all TTIs for the UE that can only monitor few control channels at one time in this scheme.
2.2 Scheme B
In Scheme B, the Bitmap field in Scheme A is replaced by a TTI SN field. The resource indication part of control signalling is shown in Figure 3.
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Figure 3 The resource Indication part of UL/DL control signalling in Scheme B
Three bits is enough for TTI SN field to indicate seven TTIs, and 000 to 111 can be fixed to represent TS0 to TS6 in sequence, no matter how to configure the UL/DL switch point. Different from Scheme A, the resource assignment is limited to only one TTI denoted by the TTI SN field in control signalling.
The control signalling overhead incurred by explicit TTI SN field in this scheme is lower than Bitmap field in Scheme A but keeps the same scheduling flexibility. And the capacity requirement for UE is also low as Scheme A, i.e. the resource can be assigned in any TTI even the UE can monitor only one control channel at one time.
2.2 Scheme C
In scheme C, the mapping relationship between control channels and TTIs is pre-determined, and informed to UE, e.g. by broadcasting. And there is no necessary to introduce an explicit field in scheduling information. A feasible way is to divide the total control channels located in two TTIs (TS4 and TS0 in Figure 1) into seven control channel aggregates, and each control channel aggregate schedules the resource in appointed TTI. For example, the control channel aggregate 0 correspond to TS0, control channel aggregate 1 correspond to TS1, etc. When the scheduler wants to allocate resource in TSn, the related control signalling can only be transmitted on a control channel in control channel aggregate n.
The outstanding advantage of Scheme C is no additional signalling overhead, but the flexibility is lower than Scheme A and B. The account of UEs scheduled in TSn is limited by the control channel number in correlated control channel aggregate n in this scheme. Assuming the number of control channels in control channel aggregate n is M, the (M+1)th UE can not be scheduled in TSn, although there is residual resource in TSn. On the other aspect, if all the resource in TSn has been assigned to UEs entirely, the free control channel (if existed) in control channel aggregate n is also wasted. So the Scheme C would restrict the scheduling performance if the number of control channel aggregate is not match the account of the resource in TTI. And it is also difficult to resolve this problem in a dynamic scheduling system.
Furthermore, within Scheme C, the account of control channels that a UE monitors simultaneously equals to the number of TTIs in which the resource can be assigned to this UE. The scheduling performance would be poor to the UE that can only monitor few control channels at one time. In other words, UEs must possess the capacity of monitoring more control channels at the same time than Scheme A and B, if the scheduler hopes to schedule resource in any one of seven TTIs. This will increase the UE’s complexity. 
3. Summary
With the discussion in section 2, Table 1 below shows the comparison among three TTI indication schemes, which focuses on control signalling overhead, flexibility to support scheduling and UE capacity requirement.
Table 1 the performance comparison among Scheme A, B and C

	
	Control signalling overhead
	Flexibility to support scheduling
	UE capacity requirement

	Scheme A
	-
	+
	+

	Scheme B
	0
	+
	+

	Scheme C
	+
	-
	-


Scheme A and B are equal in flexibility and UE capacity requirement, but different in control signalling overhead since the TTI SN field in Scheme B is shorter than Bitmap field in Scheme A. Scheme C have the better control signalling overhead than Scheme A and B, but is poor in scheduling flexibility and UE capacity requirement. Therefore Scheme B offers the optimal balance between overhead and performance.
4. Proposal

Three TTI indication schemes used for designing control signaling in LTE TDD are discussed and compared in this paper, and the Scheme B is a favourite in CATT’s opinion. It is evident that this scheme can also be adopted in generic TDD frame structure, although the illustration is based on alternative frame structure in context.
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